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CHAPTER,I. INTRODUCTION 
The Problem. 
Ten counties In southeast Iowa have had a severe problem 
of agricultural adjustment that has consistently led to de­
pressed family incomes. The agriculture sector is the largest 
economic sector as regards employment in the area. The rela­
tive importance of the sector, the low farm incomes, and dis­
advantageous agricultural production conditions have contrib­
uted to almost 70 years of net out-migration from the region. 
One of the important economic factors causing these depressed 
conditions has been low levels of agricultural production per 
farm family. Community leaders in the region decided to change 
these economic conditions. 
The ten counties were grouped into a development region 
called TENCO. Since the first organizational meeting in 1962, 
many steps have' been taken toward improvement of the economic 
and social conditions in the region. One of the steps taken 
was to promote this study of the economic development poten­
tial of the agricultural sector. 
The ten counties 
In 1964, 67.4 percent of commercial farms in TENCO sold 
le.ss than $10,000 of product. This percentage was only 7.0 
percent less than in 1959» Less than 50 percent of available 
cropland was used for row crops in 1964. Rough topography. 
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soils with low fertility, small farms, and low profit margins 
have contributed to a rapid rate of off-farm migration. 
The migration has been to urban centers in Iowa and other 
states. Deserted rural towns, inadequate community services, 
and great pressure on community structures within the ten 
counties have resulted.^ 
Two alternative policies are available to improve this 
situation. The first would be to increase agricultural produc­
tion per family, and the second to create alternative employ­
ment. The first alternative forms the basis for this study on 
the premise that farm people wish to solve their income prob­
lems within a farm context. 
Objectives 
2 Specific objectives of research reported here are; 
1. To develop an approach to economic development which 
will aid in resolving the causes of depressed farm family 
income in TEWCO. 
1 
A more detailed description of the ten county region is 
provided in Chapter II. 
2 Four independent general stimuli led to the above objec­
tives. The first stimulus was a special interest in economic 
development, especially as it related to family living levels. 
The second was the applicability of control theory to economic 
planning. Ideas of targets, trajectories, and control pro­
cesses were fundamental in the design of this research. The 
third arose from the concept of a functional economic area 
(l6, p. 3^7)• The fourth was the concept of simulating the 
economic behavior of a firm by combining linear programming 
with a simulation model. 
3 
2. To construct a model or models to apply the develop­
ment approach to the solution of TEWCO farm income problems 
3. To provide a development plan for TEMCO agriculture 
by projecting the nature of farm organization required for 
achievement of a development target. 
4. To compare the effects of various assumptions about 
the size of the development target on the projections of farm 
organization in TENCO for 1984. 
5. To relate the components of a development plan to the 
individuals or groups concerned. 
6. To suggest a method of implementation of the develop­
ment plan from objective 3 above. 
7. To make recommendations on policy to be pursued to 
accomplish the 1984 development target. 
Methodology 
An approach to economic development planning is used 
according to the quantitative development policy design first 
developed by Tinbergen (6l) and (l6, 39)* The approach is 
conditioned by available data and computational techniques. 
The application of control theory (Pontryagin _et al. (48), 
Rozonoer (50, 51» 52)) to the development approach using various 
forms of linear programing forms the basis for operational models, 
The models require a classification of the farms in TENCO. 
The classification depends on the availability of primary 
cross-sectional data concerning the soils, acreage, capital. 
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and. management experience of farms in the region. In cases 
where this data is not readily available, certain combinations 
of other cross-sectional information are used. The number of 
farms is projected to 1984 on the basis of projections of the 
criteria for classification. 
Technological advancement is a most important factor in 
the ability of the region's agriculture to generate higher 
farm family incomes. Agricultural production technology is 
projected to 1984 as a basis for the regional development 
plan.^ 
A development target amenable to linear programing tech­
niques must be selected. The regional target or goal should 
be one with which individual farm families can identify. A 
target has to be able to stimulate all levels of regional 
decision-makers. Farm income satisfies these criteria for a 
suitable target. No unique level of income can be selected as 
a target by people other than the region's inhabitants. There-
fore, various income levels are used as goals to calculate a 
number of development plans. 
Parametric linear programing^ of farms representing a 
classification of the region's farms forms the basis for the 
^The projected technology was assumed to hold for the 
period 1980-1984. 
2 The words "target" and "goal" are used interchangeably 
in this report. 
^See Chapter III for a description of the use of para­
metric linear programing in this study. 
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multiple projections. A simulation model integrated into the 
linear programs provides an analysis of each farm organization 
projection. This post-optimal analysis is a principal source 
of information for regional projections of the growth of the 
agricultural sector. Regional projections are aggregations of 
farm programing results using the 1984 projections of numbers 
of farms. 
Implementation of a development plan takes into account 
existing representative regional organizations. Important 
aspects of implementation are creation of a desire for attain­
ing the development targets and provision of management aid to 
farmers so that they may achieve the targets. 
In summary, all farms in TENCO are arrayed according to a 
classification criterion. A farm representing each group in 
the classification is programed according to various income 
goals and a projected 1984 technical input/output matrix to 
give estimates of farm organizations for the region in 1984. 
An aggregation of farm projections according to information 
from the farm classification provides estimates of the organ­
ization of agriculture in the region for 1984. A plan for 
implementing development in TENCO is outlined. Policy recom­
mendations based on the projections are made. 
Review of Results 
The results of the study are in the form of a development 
plan for 1984 which indicates that farms should intensify 
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their use of land and capital to meet higher income goals pro­
jected for 1984. The size of farms which were programed does 
not increase to meet these goals. Agricultural production 
based on projections of technology for 1984 should shift towards 
livestock and fuller use of available cropland and capital 
borrowing ability of farms. Gross regional agricultural prod­
uct is projected to triple in constant dollar terms by 1984. 
This growth can be accomplished with a redistribution of land 
held by retirement farmers and in small units, to farms with 
from 150 to 260 crop acres. 
The following projections and their policy implications 
for 1984 are obtained to support the results and to guide 
development policy in TEMCO. 
1. For the region; technical input/output relationships 
for income producing enterprises; crop and livestock produc­
tion patterns; land, labor, and capital use patterns; farm 
size; demand for hired labor; estimates of migration from 
TENCO agriculture; agricultural trade between TENCO and other 
areas; net farm income; gross regional agricultural production; 
net worth of farm assets; revenue to all levels of government 
from agricultural production. 
2. For individual agricultural producers; attainable 
income goals; suggestions for optimum farm organization; farm 
size. 
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3. For policy-makers: method of implementing the income 
goal approach to agricultural development; financing plan for 
implementing the development program; system of management 
couselling; impacts of agricultural development on rural non-
farm communities. 
Limitations of the Study 
There are five general limitations to the results. The 
importance of these limitations depends on the validity of the 
assumptions and procedures used. The first is that in pro­
jecting technology to 1984, the scale of farm enterprises was 
assumed to be larger than the programing results indicated. 
Therefore unwarranted economies of size are included in the 
plans. The second is the premise that farm people's income 
motivations may be conditioned to the point of participating 
in a development program. The third is the degree of repre­
sentation by the synthetic farms of actual farms in the region. 
The sources of information about resource inventories for the 
synthetic farms were confined to extension personnel, which 
could have biased the inventories upward. The fourth is the 
assumption of linearity and the minimum variable cost criterion 
used in the linear programs. The fifth is that the point tar­
get approach ignores a gradual program of evolution in farm 
investment required for income growth from the low 1964 level 
8 
to a higher level in 1984. These five limitations show where 
further research is needed in planning for regional agricultur­
al development. 
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CHAPTER II. DESCRIPTION OP THE TEN COUNTY REGION 
Demographic and. Historical Perspective^ 
TENCO includes the counties of Appanoose, Davis, Keokuk, 
Lucas, Mahaska, Marion, Monroe, Van Buren, Wapello, and Wayne, 
They form a functional economic area (l6, p. 3^7) around 
Ottumwai in I96O a city of approximately 33»870. These coun­
ties settled by pioneers from Kentucky and the Ohio Valley, 
were some of the first in Iowa to be established. By I9OO the 
region's population peak had been reached. In Davis county 
the peak occurred in 18^4. Since then population of Davis 
county has steadily decreased. According to Bauder (5) preser­
vation of many of the original value patterns in TENCO has been 
caused by a declining or stationary population within 50 to 60 
years of first settlement. For this reason the rural popula­
tion of TENCO has a slow change ability, which must be increased 
to make any development plan successful. 
The population age distribution has changed since I9OO due 
to net out-migration and changes in birth and death rates. 
Reduction of the death rate has preserved the older stratum of 
the population, while migration continues to occur among the 
young. Between 1950 and I96O there was a 50.1 percent reduc­
tion in the number of people between the ages of 20 and 39-
^An attempt is made throughout this chapter to keep all 
descriptive material as relevant to 1964 as possible. The base 
year of this study is 1964. 
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In 1963, 15.3 percent of the population of TEWCO was over 65 
years of age. (Iowa led the nation in I96O with 11.9 percent 
of its population over 65 years of age.) 
Bloom and Baumback (8) described historical activity of 
non-agricultural industries and "businesses in southern Iowa. 
Coal mining was one of the basic industries in TENCO. In I9IO 
this industry employed more than 6,340 miners, a number equal 
to approximately one-third of the number of farms. By I965, 
the number had fallen to about 296 miners.^ Many coal mines 
in this region were situated on farms and operated by the re­
spective farm operators. Adjustment in the coal mining indus­
try contributed heavily to underemployment'of the labor force 
in agriculture. The underemployment tended to dampen any 
possible increase in capital/labor ratios for agricultural 
enterprises. Underemployment and low incomes caused labor to 
migrate to higher income alternatives. 
Topography and Soil Characteristics 
The Mahaska-Taintor soil type, found in Mahaska, Keokuk, 
and Wapello counties is the most naturally fertile upland soil 
in TEWCO. These soils are generally located in flat to gently 
rolling tracts with good drainage. Other fertile soils are 
found along river valley bottoms. The principal river valley 
^This number represents total employment in mining. 
Bituminous coal and lignite mining represents most mining 
activity (70a). 
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is the Des Moines which diagonally bisects the region. The 
bottomlands of the Des Moines and its tributaries vary greatly 
in width and are often cut by switchbacks and streams draining 
higher land. Flooding and spring work delays are common. With 
adequate drainage these bottomland soils are among the most 
productive soils in the region. Otley, Sharpsburg, and Winter-
set soil types are closely associated with the Mahaska-Taintor 
soil type but are less productive due to shallowness, slopes 
up to 9 percent, and surface leaching. 
The Grundy-Haig soil type is prevalent in Davis, Lucas, 
and Wayne counties. The Seymour, Shelby, Pershing, and Edina 
soil types are closely allied to the Grundy-Haig type. These 
types, especially Grundy-Haig, are usually in flat or rolling 
areas, commonly with slopes of 2 to 9 percent. An impermeable 
compacted phase close to the soil surface causes water logging 
and rapid runoff. Fields on these soil types are often inac­
cessible following rain. Between rains the compaction layer 
keeps plant roots from subsoil moisture. The profitability of 
corn is particularly affected by erosion and limited root 
access to moisture. 
The Clinton and Lindley-Weller soil types are common in 
Monroe, parts of Appanoose and Davis counties. These soils are 
light, thin, and subject to erosion and surface drought. 
Fields on Lindley loam, the predominant soil type, average 9 to 
Ik percent slopes. Small narrow, noncontiguous fields charac­
terize these soils. Fields are small and irregularly shaped 
12 
because of deep gullies, ridges s and steep slopes. Use of 
large field equipment is limited and steep slopes make the use 
of some machinery impossible. 
The Agrisector 
In 1959 there were 11,924 commercial farms^ in the region 
producing $118,032,000 of sales. The number had declined to 
10,641 in 1964 with sales of $139,409,000. 
The disparity of average sales among counties increased 
between 1959 and 1964. Sales per farm averaged $9,899 in 1959» 
The range for the ten counties was an average $5,096 in Appa­
noose county to $12,013 in Mahaska county. The average value 
of sales for the region in 1964 was $13,101, a rise of 32.3 
percent in current dollar terms. The range in 1964 county 
averages was $6,836 in Monroe county to $15,804 in Mahaska 
county. 
Consider all commercial farms selling less than $10,000 
of product per year as marginal. In 1959 the proportion in 
percentage terms of all such farms in the region ranged from 
83.7 percent in Davis county to 53-1 percent in Mahaska county. 
The mean for the region was 74.4 percent. In 1964 the range 
was from 69.9 percent in Monroe county to 40.1 percent in 
Keokuk county. The mean percentage of marginal farms to all 
^All statistics quoted in this section are found in, or 
derived from the Preliminary 1964 Census of Agriculture by 
Counties (69). Extracts from this census are presented in 
Appendix D to supplement quotations in this chapter (Table 
D.l). 
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commercial farms in 1964 was about 67.4 percent. 
The decline in the proportion of farms with less than 
$10,000 sales was exaggerated by price inflation over the 
period 1959-1964. The decline would have been less had sales 
been measured in constant dollars. 
Farm consolidation occurred in every county of TENCO be­
tween 1959 and 1964. Average farm size for the region in­
creased 13.9 percent from 195*3 acres to 222.5 acres. Greatest 
consolidation has taken place in areas best suited to row 
crops. In 1964, county farm size averages ranged 70.9 acres 
from 184.3 acres in Wapello to 255.2 acres in Wayne county. 
In 1959» the range was 120.9 acres, from 102 acres in Keokuk 
to 222.9 acres in Wayne county. Farm sizes are larger in 
those counties with large amounts of land suitable only as 
pasture. 
The number of livestock farms varied considerably among 
counties. There were 1,000 livestock farms in Mahaska and 56I 
in Wayne which is less well suited to row crops; or 65.4 and 
53.7 percent of all commercial farms in the two counties. The 
average 1964 percentage of livestock farms was 60 percent for 
the region. 
Dairy farm numbers were uniformly lower in the region in 
1964 than in 1959 except for three counties, Marion, Keokuk 
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and Lucas. In 1964 there were 94, 34, and 42 dairy farms in 
the three counties respectively.^ 
The average value of land and buildings per farm in 1964, 
was $35»705 for the region and ranged from a $23,118 average 
in Monroe county to a $50,560 average in Mahaska county. In 
each county these values increased from 1959 due mainly to 
increased farm size. 
The average age of operator for the ten counties in 1964 
was 50.9 years ranging from an average 49.3 years in Marion 
county to an average 52.1 years in Van Buren county. The 
average age in each county increased by approximately one year 
between 1959 and 1964. In 1964, 26.2 percent of the commer­
cial farms of the region were part-time or part-retirement 
farms. In 1959 the figure was 29.5 percent. 
The number of tractors per farm, fuel consumption, and 
fertilizer use are an indication of the adoption of technolog­
ical practices. The number of tractors per farm by counties 
in 1964 ranged from I.61 in Monroe county up to 2.13 in Keokuk 
county, averaging 1.88 for the region. The increase between 
1959 and 1964 for the region averaged 0.20 of a tractor and 
ranged from 0.34 of a tractor in Marion county to only 0.01 of 
a tractor in Monroe county. Fuel and oil purchases per farm 
in 1964 averaged $531 for the region and ranged from averages 
^Refer to Appendix D, Table D.l, for the number of dairy 
farms in other counties. 
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of $448 for Monroe to $686 for Keokuk county. The largest 
average increase between 1959 and 1964 occurred in Keokuk 
county ($173). The smallest occurred in Wapello county ($96). 
The increase was $121 in Monroe county. The average regional 
increase was $129. The rates of increase in fuel and oil pur­
chases exceeded those for tractor numbers because of other 
self propelled equipment purchases and larger tractors. 
The number.of commercial farms in TENCO using fertilizers 
(including both liquid and dry forms) increased from 5j323 in 
1959 to 8,108 in 1964, an increase from 44.6 percent to 76.2 
percent of all commercial farms. The greatest increase was 
recorded for Mahaska county. The average adoption rate was 
42 percent of all farms in Monroe county in 1959, higher than 
either Mahaska or Keokuk county. However, in 1964 the counties' 
relative positions were reversed, with only 68.4 percent of 
commercial farms in Monroe county using fertilizer and 75.9 
percent in Keokuk county using fertilizer. Application rates 
per farm were higher for Keokuk county in 1964--8.53 tons com­
pared to 4.50 tons in Monroe. The average 1964 application 
per farm for the region was 6.46 tons. 
In most of the above comparisons Monroe county appears to 
be the most stagnant county in terms of income and technologi­
cal advancement. The explanation lies in the soil and topo­
graphical composition of this county. The census data for 
numbers of tractors, fuel and oil purchases, and fertilizer 
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use corroborate the conclusions drawn earlier in this chapter 
about the adaptability of the land to mechanization in counties 
like Monroe. 
Summary 
TENCO is heterogeneous in many respects. Natural produc­
tivity of the soils varies widely in the region. Topography 
is generally rough and unsuited to farm mechanization in those 
areas with lower soil productivity. The proportion of marginal 
commercial farms (with gross sales of $10,000 or less) in 1964 
Varied widely among counties around a mean 6/10. The applica­
tion of technological advances as represented by tractors per 
farm, fuel and oil purchases and fertilizer applications also 
varies considerably between areas of the region. 
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CHAPTER III. THE MODEL 
Introduction 
Agricultural development planning involves many logical 
elements common to Control Theory. These elements are targets, 
control instruments, initial states, and mathematical program­
ing. In this chapter Control Theory is applied to development 
planning in TENCO. Two models are constructed. They are com­
pared in the fifth section, entitled "The Solution Model." 
Model I is used as a theoretical base for Model II. Model II 
is used to calculate projections of agricultural development 
in 1984. 
The Control Theoretical Approach to Planning 
The Tinbergen (6l) and Kumar (39) approach to scientific 
elaboration of economic development planning combined with 
Bellman's work in dynamic programming and multi-stage decision 
processes (6) invite application of control methods to develop­
ment problems. Control Theory combines the concepts of a 
trajectory, controlling variables, and a transformation model. 
The development of any agricultural economy is a process of 
transition from an initial specified state to a final state. 
Control methods involve guidance of the transition process, 
determination of the final state, or both. 
Optimum rules of control were first studied in the theory 
of rocket motion. The first principle was hypothesized in 
18 
1956 and led to the solution of the general problem of finding 
a control process, optimum for rapid action. L. S. Pontryagin 
was the originator of the principle based on his own work, and 
that of Boltyanskii, and Gamkrelidze, (48). Pontryagin's 
'Maximum Principle' (as the principle has been named) used 
differential calculus to maximize (minimize) an objective 
function subject to a linear equational system and feasibility 
bounds. For application of the principle see various examples 
by Eozonoer (50), (51), (52), Apedaile (1), Kumar (39)» and 
Pontryagin et al. (48). 
Alternative Forms for Planned Development Targets 
A development target can be expressed as a trajectory, a 
point, or an admissible region. A trajectory implies a con­
tinuous path or connected discrete segments of a path repre­
senting development over time. The path may be completely 
predetermined according to logic exogenous to the control 
model being considered. Or the path may be the solution to a 
control theoretical model. A trajectory may also have a free 
right hand end; the problem being to optimize the location of 
that end. 
The growth or development target may be prespecified as a 
fixed point. The problem is to guide the economy to that 
point. Finally the target may be described as an admissible 
region. The boundaries are usually described in "less than or 
equal to" and "greater than or equal to" terms. 
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State and 
Target 
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Admissable 
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Trajectory Point Target 
nitial State 
Time 
Figure 3.1- Illustration of the various concepts of 
target specification 
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A useful target is contained in the most rapid ascent/ 
descent problem. Time required to follow a trajectory or 
attain a given point target is minimized. This problem is 
particularly relevant when time is important as in the case of 
expiration of political tenure or rising social unrest. 
Figure 3.1 illustrates the types of targets. In each case 
there are four possible criteria for solution of the control 
problem: 
1. Minimize the time involved in achieving a target. 
2. Solve for the optimum target specification. 
3. Solve for the values of the independent control vari­
ables that will make a system achieve its target for every 
point in time between the initial state and the target. 
4. Solve for the values of the independent control vari­
ables for the specified time at which the target is to be 
achieved. 
Criteria three and four are most applicable to practical 
economic development planning. Number three formed the basis 
for Model I in this study. Number four was the basis for 
Model II. 
Mathematical Programing and Simulation as a Solution 
Tool in Control Theoretical Planning 
Differential calculus used to prove Pontryagin's 'Maximum 
Principle' is inadequate for development problems characterized 
by many variables, many constraints, and many functions 
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related to the chosen target. Linear programing is a mathema­
tical technique that lends itself to these problems. 
Development problems are normally dynamic and mathemati­
cally nonlinear. Bellman (6) has pioneered in linear approxi­
mation of practical cases, imbedding, and other thought direct­
ing processes (72). The result is dynamic mathematical 
programing of multi-period decision-making. 
Mathematical programing is applicable to decision proces­
ses of firms, government administrations, military logistics, 
or rocket guidance systems. In this sense mathematical pro­
graming is a subset of the topic called Simulation. In the 
case of an economic firm, however, mathematical programing 
does not simulate the so-called fixed cost structure. In this 
study simulation and a simulator refer to the evaluation of a 
firm's fixed cost and resource structure. 
The Solution Models 
The principle of decentralization 
The principle of decentralization is the basis for the 
methodology used here. The principle states that decentralized 
decisions may be aggregated to provide inferences for centra­
lized decision-making, provided the decentralized decisions 
are independent. 
Formally the principle is explained as follows. Koopmans, 
by the use of two theorems 1.1 and 1.2, states that if M pro­
duction sets describe the choices open to decision by one of N 
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decision-makers (agents, farm operators, or managers) indepen­
dent of the choices of the N-1 decision-makers and if prices 
of inputs and outputs are unaffected ty the decision, then 
optimization of a linear criterion functional (maximum profit 
or minimum cost) implies an optimum over all producers, and 
conversely optima for each individually. Of course, both N 
and M are finite integers (37» p. 13). 
Two points are noted. First, non-interaction among 
decision-makers is realistic for agricultural producers within 
a region. Summation of producer sets is therefore a legitimate 
mathematical tool for aggregating individual optima. The 
second point is that the sum set is in no way dependent on the 
ordering of the individual sets. 
Planning Model I 
The first model attempted to use the prespecified trajec­
tory form of target for 25 synthetic farms representative of 
TENCO agriculture. The solution was to have been in terms of 
optimizing the manner of following a given trajectory from 
1964 to 1984. The trajectory was expressed as a disposable 
family Income requirement.^ The income goal was prespecified 
annually. The solution tool was to have been recursive 
^While the logical basis for the goal was disposable 
family income, the income goal also Included a provision for 
meeting fixed costs to the firm. See the section in Chapter 
V about measuring the income goal. 
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dynamic programing! with a minimum variable cost objective. 
The expected results included: 1. Annual specification of 
development stages of farm organization for each farm class; 
2. annual prediction of demands for agri-services; 3» annual 
suggestions for credit, market, and labor policy on the part 
of the government for each year from 1964 to 1984, Inclusive. 
In summary, the objectives were to provide a first approxima­
tion of the step-by-step procedure which, if adopted by agri­
cultural producers and policy-makers, would raise TENCO farm 
family incomes to levels competitive with those of the rest of 
Iowa. 
The features of the dynamic program for Model I included; 
a) Twenty-one annual solutions of farm plans for each of 
twenty-five farm classes from 1964 to 1984, inclusive. 
b) Autonomous technical updating of approximately 80 per­
cent of the input/output matrix for each farm every four years. 
Each input/output matrix contained approximately 3100 non­
zero coefficients for each four year period. 
Recursive dynamic programing optimizes a periodic func­
tional with respect to the effect of immediately previous 
decisions on the state variables. This means that the state 
variables are reassessed before each optimization. Optimiza­
tion is carried out for one period in time independent of 
future periods. Day (12) relied heavily on exogenously deter­
mined rates of change in the levels of the structural variables 
to control "bang-bang" solution effects. ("Bang-bang" refers 
to radical oscillation of the values of solution variables as 
time changes.) 
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c) A simulator containing 200 equations. This computer 
simulator performed annual updating of the resource vector 
prior to each farm plan solution. Updating concerned changes 
in equity, the income goal, cash reserves, cropping commit­
ments, livestock inventory, and general capital stock inven­
tory. In summary, the simulator provided the recursive link 
between annual farm plans. 
d) Provision for rapid growth in farm size and decreasing 
costs to size. In the event that farms expanded rapidly, a 
trigger mechanism was designed to replace the crop activities 
with others reflecting economies of size in machinery utiliza­
tion.^ Five possible farm size levels were anticipated for 
each of the three major soil groups. 
The above four features of Model I were expected to simu­
late all aspects of farm growth and hence regional agricultural 
development as controlled by income achievement motivation. 
The investment of time in constructing and collecting data for 
2 this model has so far been between three and four man years. 
^See Frisby's work on the influence of weather and scale 
of operation on corn harvesting systems (I?). 
^An IBM 360-50 B.P.S. system was used for all computations 
in this research. The lack of a reliable linear programing 
algorithm for this machine, IBM systems difficulties and the 
size and construction of the input/output matrices used, 
together made Model I impossible to solve at the time. 
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The chosen form of the development target - Model II 
The form of target used in this research was a point at 
the end of a specified period of time. This form of target 
was chosen because solution for values of independent variables 
which contribute to the target was possible with ordinary-
linear programing. 
The target was family living expenditure requirements as 
a proxy for farm family welfare. For comparison purposes 
three target levels were used for each farm. All types of 
material consumption were included in family living expenditure 
requirements. A personal savings component was added to these 
requirements.^ Family living expenditures were compiled in 
terms of what a family with given characteristics such as size, 
age, and previous income level would require for an adequate 
2 living. This goal was the demand side. 
The supply side was expressed as net farm income. Net 
farm income was disposable income of the farm family. This 
income was gross farm revenue net all variable costs of farm 
operation and fixed costs including income and other taxes. 
The control variables were activity levels of productive 
farm enterprises, labor use, farm borrowing, and government 
^The personal savings component was arbitrarily set at 8 
percent of the compiled family living expenditure level. The 
8 percent figure corresponded to postponed consumption in the 
form of lump luxury expenditure or contingency or speculative 
balances. 
p 
An adequate living was not meant to include anything 
other than the material aspects of life. 
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credit and market policy. The solution tool was static para­
metric linear programing combined with simulation of year-end 
farm accounting. This tool was applied to seventeen synthetic 
farms representative of the region's farms.^ The objective 
was to minimize variable costs of production at the farm level. 
The farm programing was the first stage of the model. 
The second stage was aggregation of the results of Indivi­
dual farm class plans. The method of aggregation Involved 
multiplying relevant details of each farm class solution by 
2 the number of farms in the respective classes. The summation 
over all classes provided estimates of regional production or 
other information. The linear program and simulator design 
are described in the next two sections. 
The linear program 
Taxonomlc description The objective of the program was 
to minimize variable operating costs subject to a net farm 
income constraint and 82 other technical and accounting con­
straints. Three successively increasing net farm income levels 
(constraints) were used to estimate the Income goal effects on 
each farm organization. 
There were 256 real activities and 83 rows in the matrix. 
Approximately 3,100 non-zero coefficients made up each matrix 
^Chapter IV describes the classification of the region's 
farms. 
p 
Refer to the fifth section of Chapter IV for discussion 
of the sizes of farm classes. 
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which was an expression of 1984 farm technology. Figure 3.2 
is a sketch of the linear program structure. 
The following constraints or accounting rows were used.^ 
a) The net income goal. 
b) Three land restraints based on the suitability of land 
to cropping. The categories were row tillable land, land 
suitable for pasture, and forest or unimprovable grazing land. 
c) Seven labor restraints (described in a following 
subsection). 
d) Pour cash periods (described in a following subsection). 
e) Eight feed inventory rows. 
f) Six capital restraints and accounts (described in a 
following subsection). 
g) Twenty-three facility inventory accounts. 
h) Seven crop storage facility accounts. 
i) One silage storage account. 
j) Two livestock inventory accounts. 
2 k) Twenty cropping controls. 
1) The objective functions (described in a following 
subsection). 
^Refer to Appendix B, Part II for a more detailed descrip­
tion of the constraint and accounting rows. 
p 
These rows were used to replace the rotation concept. 
These rows with the cropping activities regulated the sequenc­
ing of crops such as making sure second year corn followed 
first year corn. In order to expedite the solution after 
Model II was adopted, these rows were removed. Their elimina­
tion cut solution time by nearly thirty percent. 
Activit ies 
ConstroinT^^s. 
Rows 
Cropping Livestock 
Capital and 
Facil ity 
Âcqui sit ion 
Land 
Buy/ 
Rent/ 
Sell 
Labour 
Buy 
Crop 
Sell 
Mach 
inery 
Buy 
Othe r  
R igh t  
Hand  
S ide  
Land 
Labour 
Cash periods 
Feed Inven tory 
Capital Rows 
Facil ity 
Inventory 
Crop Storage 
Croppin g 
Mechanism 
Other 
.. 
Income Row 
— 
j  
Functional 1 
N 130 
Figure 3.2. The linear program structure; shaded cells indicate 
non-zero coefficients 
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The columns or activities may be summarized by the follow­
ing groupings.^ 
a) One hundred and thirty-four cropping activities in­
cluding eight crops, each at two levels of fertilization. The 
effect of crop sequencing on soil fertility was accounted for 
by defining crop activities with yield per acre and fertilizer 
inputs adjusted to reflect the previous year's cropping prac­
tice. These activities were regulated by the twenty cropping 
control rows. The cropping activities were broken down as 
follows ; 
l4 corn 
10 soybeans 
20 corn silage 
20 forage sorghum 
18 Sudan grass 
34 meadow establishment and maintenance 
18 pasture Improvement^ 
b) Thirty-five livestock activities including hogs, 
sheep, dairy, beef feeding, and beef cow/calf operations. 
Activities for each livestock species were differentiated 
according to capital intensity of operations, and/or method of 
feeding, and/or market classification of final product.^ 
^Average management was assumed for all activities in 
this study. 
p 
See Appendix B, Part I for description of activities 
1-134. 
^See Appendix B, Part I for description of activities 
135-139 for hogs, l40-l45 for sheep, 146-1^ 9 for dairy, 15O-I63 
for beef feeding, and 164-169 for beef cow/calf operations. 
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c) Five cash and capital borrowing activities (to be de­
scribed in a following subsection). 
d) Twenty-five livestock facility acquisition activities^ 
including housing and feeding facilities. These activities 
were differentiated according to the capital intensive nature 
of livestock activity requirements and the types of capital 
borrowing plans available. The types of plans included long-
term mortgages with and without cash or medium-term financed 
downpayments, and medium-term credit with and without cash 
2 downpayments. 
e) Fourteen crop-storage acquisition activities. These 
activities were differentiated according to the nature and 
capacity of the storage facilities, and the types of capital 
3 borrowing plans available.^ 
f) Four land buying activities. Two types of land were 
distinguished for each farm class according to the predominance 
of tillable area suitable to row crops, or pasture. Each type 
of land could be purchased with a long-term mortgage and 
The general term 'facility acquisition activities' is 
used to denote the acts of acquiring various capital improve­
ments such as livestock shelter, self feeders, crop storage, 
and farm machinery. 
^See Appendix B, Part I for description of activities 
178-202. 
^See Appendix B, Part I for description of activities 
203-205, 208-211, 213-213, and 218-221. 
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downpayment financed with cash or a medium-term loan.^ 
g) Six labor hiring activities. These activities corre­
sponded to the six labor periods as defined in a later sub­
section in this chapter. 
h) Four crop selling activities. 
i) Ten machinery buying activities. These activities 
included purchase of forage harvester, tractor, tillage machin­
ery, harvest machinery and forage machinery with cash or a 
2 
medium-term loan and a cash downpayment. 
j) Four livestock buying activities. The activities in­
cluded beef cow and ewe purchase with cash or medium-term 
financing. 
k) Three crop purchasing activities. 
1) Ten miscellaneous accounting activities. 
The computer algorithm for solving this linear program in­
cluded an efficient parametric programing device for updating 
the resource vector. This updating ability of the algorithm 
meant that each of the income goals could be sequentially 
introduced. Each solution using the updated income goals 
proceeded from the basis of the previous solution. The income 
See Appendix B, Part I for description of activities 
223-226. It is assumed that each farm class can buy land with 
the same proportions of cropland, improvable pasture, and 
permanent pasture/forest defined for that farm class. 
2 See Appendix B, Part I for a description of activities 
231-234 and 246-251. 
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goals were introduced in order of low, medium, and high income 
levels. 
Cash, capital, and borrowing equations The following 
equations represent the cash flows, capital constraints, and 
acquisition of capital items. The a^j represent the trans­
formation coefficients of resource into activity. The 
represent real enterprise activities. The represent the 
magnitudes of the constraints. 
®-13,169^ 69 — lOOX^yo + ^ 13,178X178 < ®13 
®-l4,169^ 169 + 10^ X170 - 100X^ 71 < 
*15,169X169 - 100X172 < 1^5 
&16,169X169 + 106X1^ 1 + 104X272 < 
lOOX^y^ < 2^3 
lOOX^y^^ - ®-24,173X178 < 2^4 
- lOOX^y^ < ^ 25 
- lOOX^y^ + 826,178X178 < ^ 26 
-^ %170 " • 4X172 < 3^0 
832,169X169 - 1X178 < 3^2 
To illustrate the capital borrowing and cash flows, two 
activities, and and row 32, are included. 
Definitions follow: 
^169 ~ Beef cow/calf feeding enterprise. 
^170 ~ Short-term cash borrowing for the November, Decem­
ber, January fiscal period. 
- Short-term cash borrowing for the February, March, 
April fiscal period. 
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^172 ~ Short-term cash borrowing for the May, June, July-
fiscal period. 
^173 ~ Melium-term borrowing. 
- Long-term borrowing. 
^178 ~ Acquisition of loafing facilities. 
- Cash constraint and account for the November, 
December, January fiscal period. 
- Cash constraint and account for the February, 
March, April fiscal period. 
®15 ~ Cash constraint and account for the May, June, 
July fiscal period. 
Bi6 - Cash constraint and account for the August, 
September, October fiscal period. 
Bgo - Medium-term capital borrowing base expressed as 
the dollar value of firm equity in medium durable 
capital stock. 
~ Long-term capital borrowing base expressed as the 
dollar value of firm equity in long-lived durable 
capital stock. 
B2^ - An accounting restraint for medium-term borrowing. 
The Value of the restraint is always zero. 
Bgg - An accounting restraint for long-term borrowing. 
The value of the restraint is always zero. 
B q^ - An interest^ account for short-term borrowing. 
B^2 - Inventory of loafing area (used as an account). 
An example of the way the capital structure operates is 
provided when the beef cow/calf activity is called into the 
basis. Assume that no loafing area inventory exists. Assume 
Interest is 8 percent per year for short-term notes, 7 
percent for medium-term notes and 5-5 percent for long-term 
notes. 
34 
that there is no cash available in any fiscal period. Assume 
adequate long-term borrowing power. 
^169 esquires cash to meet operating expenses in the 
first three fiscal periods. borrow the cash 
for six months^, repaying it plus interest at the end of the 
next fiscal period. X^^g makes money in the last fiscal 
period when the returns are realized. 
Activity X^^m also requires loafing area. The require­
ment is expressed as 169* Activity X^yg constructs the 
loafing area but requires some capital which, due to the 
nature of the acquisition, may be borrowed through a long-term 
mortgage with a small cash downpayment, a^^ 178* assessed 
present value of the loafing area is initially added to the 
long-term borrowing base at the rate of 824,178 dollars 
per unit of X^yg. Simultaneously ^26,178 dollars of capital 
is withdrawn from is always kept numerically equal 
to zero. Therefore, X^y^ restores the violation of Bgg by 
using up ^yg dollars of That is to say, X^y^ makes a 
long-term mortgage with some of the borrowing base as 
collateral. 
Note that 924,178 - ^26,178* 
The inequality occurs because a significant amount of the 
farmer's own resources (equipment and labor) is used to 
^^172 "borrows cash for nine months, repaying it with 
interest in the last fiscal period. 
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construct the loafing area and the loan assessment ratio is 
less than one. Only the value of material such as surfacing 
materials less the cash downpayment would have to be borrowed 
in this case. 
Note that the linear program contained other ways of 
financing such activities as construction of loafing area. 
These other ways included combinations of long-term and medium-
term or short-term borrowing.^ 
Labor structure The fiscal year was divided into six 
labor periods according to crop-labor use requirements and 
consideration of timeliness of operations and inter-period 
substitutability. The six periods were specified in the 
following rows. 
Row 6, November through February 
Row 7, March, April 
Row 8, May 
Row 9, June 
Row 10, July, August 
Row 11, September, October 
A seventh row (Row 12) in the linear program was an annual 
labor account row. 
Six labor hiring activities, ^236» ^237' ^ 238' ^ 239' 
and ^ 2^0 corresponded to each of the six periods, respectively. 
^See Appendix B, Part III for a list of the facility 
acquisition activities 178-202. 
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Labor was priced at $1.40 per hour. Labor hiring occurred 
only when operator and family endowments were exhausted. 
Objective function The objective function contained 
the annual variable cash costs for each activity. The func­
tion is 
256 
MIN C = S V. X., 
j=l ^ ^ 
where C is annual variable costs for the farm firm; Vj is the 
"fch 
variable cost per unit of the j activity and X. is the level 
of the j activity in the solution basis. 
Income function The income function contains the 
annual net cash revenue for each activity. Net cash revenue is 
the difference between cash receipts and variable cash costs. 
In the cases of non-Income-producing activities, the net cash 
revenue is negative. The income function is 
256 
where Is the income goal and a2j is the net cash revenue 
't~ln for the j activity in the solution basis. The subscript 2 
refers to the fact that the income function is the second row 
in the program. Note the strict equality in this function. 
The simulator 
The simulator had two functions to perform. The fixed 
costs, profit, and equity positions of each firm as a result 
of each linear program solution were simulated as the first 
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function. The second function was that of updating the right= 
hand side or constraint vector of the linear program repre­
sentation of the firm. This updating was to provide the 
recursive link between periodic solutions along the income 
trajectory for Model 1.^ Updating concerned borrowing power, 
the income goal, crop sequencing, and both time and techno­
logical depreciation of capital stock. 
The simulator used in Model II performed only the first 
function. This simulator consisted of l64 equations, 137 
endogenous variables, and 63 exogenous variables. Information 
transfers and calculations performed by the Model II simulator 
are outlined below. 
a) Definition and transfer of information from the 
linear program solution was accomplished for use in the 
simulator. 
b) Depreciation was calculated for equity assessment 
purposes on the basis of normal technological obsolescence and 
resale value. 
c) Depreciation was calculated for tax assessment pur­
poses and based on rapid write-off provisions in the Internal 
Revenue Code. 
d) Debt financing charges were calculated. They included 
Interest and principal for both medium-term and long-term debt. 
^See the section In this chapter entitled "Alternative 
Forms for Planned Development Targets." 
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Annual repayment of debt was based on equal annual payments of 
interest and principal combined. 
e) Insurance premiums were calculated for fire, theft, 
automobile, public liability, and employee liability coverage. 
f) Personal property tax was assessed on livestock and 
machinery. '.Household appliances were not included. 
g) Real property tax was calculated according to an 
average mill and assessment ratio for TENCO. 
h) Agricultural land tax credit and the homestead exemp­
tion were calculated for inclusion in the overall estimation 
of property taxes. The tax credit was calculated for the sake 
of completeness inspite of the fact that the credit had not 
been made in some counties for some years. 
i) Federal income tax calculations were simulated accord­
ing to Internal Revenue Code provisions except for special 
deductions. A composite personal deduction rate was used 
based on average percentages of untaxed income for each income 
bracket.^ The 26 equations necessary to calculate federal 
income tax were due to Earl (24). 
j) State income tax was calculated on the basis of the 
1964 revision of the Iowa State Income Tax provisions. The 
basic structure of this subdivision of the simulator was also 
due to Earl (24). 
^See Table D, page 4, and Table 3s page 20, of the 
Preliminary I962 Statistics of Income (71). 
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k) Social security tax was calculated according to the 
legislative provisions. 
1) Fixed cost was estimated and included depreciation of 
machinery stock for equity purposes, interest on all types of 
debt, insurance premiums for all types of insurance except 
life insurance, federal income tax, state income tax, social 
security tax, and net property tax. 
m) Net worth was estimated and included livestock inven­
tory, end of year crop inventories, land inventory, machinery 
inventory, and cash on hand—all at the end of the fiscal 
year. Net depreciation was accounted for where applicable. 
n) Labor utilization was summarized for each labor 
period and the year. 
Summary 
The control theoretical approach to planning was used as 
the basis for the model designed for this study. The targets 
of development were specified as three alternative levels of 
family living expenditure for the region in 1984. The de­
velopment plan was the organization of agricultural production 
as calculated using parametric linear programing. The objec­
tive of the programing was to minimize variable cash costs of 
agricultural production for synthetic farms representing an 
appropriate classification of the region's farms. A simulator 
was integrated with the linear program to provide post-optimal 
assessment of each farm's financial and resource position. A 
4o 
taxonomic description of the linear program and simulator in­
cluded a summary of the variables used. The dimensions of the 
linear program were 83 rows by 256 columns. The simulator 
contained l64 equations, 1^4 endogenous variables, and 63 
exogenous variables. 
Regional projections of farm organization in 1984 were the 
aggregated results of individual farm class programing. The 
aggregation was accomplished according to Koopmans* principle 
of decentralization. 
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CHAPTER IV. PAEM CLASS DEFINITIONS AND SIZES 
Merits of Resource-Based Classification of Farms 
Farm classes for TENCO are based on farm resources and 
stages of farm development. A resource-based classification 
has several advantages over an output-based classification 
when used for projecting regional agricultural production. 
First, resources are fixed relative to potential output. Farm 
size, soil capacities for production, family labor commitments 
and farm equity do not change compared to the possible nature 
and quantity of output. Second, resources condition output 
possibilities and not vice versa. Third, classification of 
farms by resources facilitates aggregation of production plans 
for individual farm classes into regional production esti-
1 2 
mates. ' Optimal regional production can be estimated most 
accurately by first estimating optimal patterns for all in­
dividual farms and then by aggregating these into the regional 
total. The next most accurate method is based on many farms 
being similar. They may be located on the same or similar 
soils; may have similar labor supplies and debt positions; may 
be of similar size; and may be proximate to the same markets. 
One farm may be synthesized to represent each group of similar 
^The author acknowledges ideas developed and exchanged by 
T. A. Miller, USDA collaborator in the Department of Economics 
at Iowa State University, Ames, Iowa in 196^. 
2 All references to people with whom the author consulted 
quote the positions of these people, ca. 196^-1965. 
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farms. Projection of farm organization and production is made 
for each synthetic farm and aggregated to provide regional 
totals. 
A wide range of production possibilities exists if the 
nature of output is not prespeclfied by an output based farm 
classification. Therefore, the fourth advantage of a resource 
based classification is that with predicted large changes away 
from a present regional production pattern, the classification 
remains informative and meaningful. 
Farm Classification 
Definition of criteria for classification 
Four criteria were used to define farm classes for pur­
poses of this study. The criteria are described as follows. 
1. The dominant soil group was the first criterion. The 
soil types of the region were classified into three groups. 
Soil group A contained Mahaska-Taintor, Otley, Sharpsburg,-
Winterset, Shelby-Adair Complex, and Bottomland. Group B was 
composed of Grundy-Haig, Seymour-Pershing, Edina, and the 
Shelby-Adair Complex. Group C was made up of Lindley-Weller, 
Clinton, and Gosport soil types. 
2. Farm size in 196^ was the second criterion. The 
farms were classified either as large, medium, or small. Size 
was measured in tillable crop acres. Small farms were those 
with less than 100 crop acres. The median size of this group 
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was So crop acres. Medium farms were those with between 100 
and 199 crop acres. The median size of farms in this group 
was 150 crop acres. Large farms were those with 200 or more 
crop acres. The median farm size for this group was 26O crop 
acres. 
3. Stage of development of the farm in 1964 was the 
third criterion. The farms were grouped as beginning, growing 
commercial, or mature retirement according to the age of the 
operator.^ Those farms with operators 25-34 years old were 
classed as beginning, 35-54 as growing commercial farms, and 
over 55 as mature retirement farms. 
4. The fourth criterion was the farm capital borrowing 
power in 1964. Borrowing power was based on available capital 
security. Capital security was a composite measure of medium-
term equity (machinery and livestock) and long-term equity 
2 
expressed as percent of net worth of farm assets. The equity 
percentage separating satisfactory from unsatisfactory borrow­
ing power varied for every farm class according to the three 
criteria above. Furthermore, the four major types of lending 
^Age of operator is assumed to reflect management 
experience. 
p 
Equity is defined in this study as the value of capital 
assets under the title of the farm Irrespective of whether the 
assets belong to the operator. Net worth of farm assets is 
defined in this study as the current market value of all capital 
assets under operational control of the farm decision maker(s). 
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authority in the region used different equity ratios to dis­
tinguish satisfactory from unsatisfactory borrowing power.^ 
Therefore each of the four lending agencies and the district 
economist were interviewed to obtain the average equity ratio 
corresponding to "satisfactory" or "unsatisfactory" borrowing 
2 power for each farm class. The simple average of these esti­
mates was used as the quantitative measure of the security for 
future borrowing by each of the seventeen farms.^ 
The relative importance of each farm class in the region 
was a function of the distributions of the four classification 
criteria within the region. Measurement of the distributions 
is now described. 
The soil groupings were outlined in a report called "The 
Economic Base of Tenco," prepared by the Co-operative Extension 
Service of Iowa State University (30à). The boundaries of the 
soil groups were defined by the soil types of which they were 
^The lending authorities were the F.L.B., P.H.A., P.C.A. 
and private banks. 
2 The agencies had offices in each of the areas of TENCO 
corresponding to the three soil groups. Each lending agent 
was interviewed only for farm classes in the soil group with 
which he was most experienced. 
^The results of the interviews represent informed opinion. 
Administration of lending policy in practice is carried out on 
the basis of an opinion about a farm's borrowing power. The 
Interviewees were presented with a detailed description of 
farm resource inventories including class of land, list of 
farm machinery and value of all capital managed, and asked what 
equity ratio constituted satisfactory or unsatisfactory borrow­
ing power for each situation. 
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composed. There were 1,121,800 acres in soil group A, 1,189,000 
acres in soil group B and 924,800 acres in soil group C. The 
distribution of the areas of the soil groups in the region was 
34.67 percent to group A, 36.75 percent to group B, and 28.58 
percent to group C (Table 4.1). 
The distribution of farm sizes was obtained from three 
counties considered representative of the three soil groups. 
Keokuk county represented soil group A, Wayne, group B and 
Monroe, group C. The size classes corresponded to those in the 
1964 Preliminary Agriculture Census by Counties (69). The 
farm size distributions for each county were used as the dis­
tributions for each soil group. 
Age distributions from the 1964 Preliminary Agricultural 
Census (69) for the same three counties, Keokuk, Wayne, and 
Monroe were used. The distributions were used as proxies for 
actual distributions corresponding to the soil groups. 
The distributions of the two types of borrowing power 
among farm classes were obtained at the same time as the esti­
mates of equity for satisfactory and unsatisfactory borrowing 
power.^ The interviewees provided opinions about the relative 
numbers of farms with "satisfactory" and "unsatisfactory" 
borrowing power within classes of farms identical in every 
other respect. These opinions were based on what equity values 
^See footnotes 1, 2, and 3 on page 44. 
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Capital Position Satisfactory Unsotisfoctory 
Farm Size Large Medi um Small Large Medium Small 
Soil Group A 
An4 A214 
Beginning Operator 
Growing Commercial 
Operator 
A124 A224 A125 A225 
Retirement Operator 
Soil Group 5 
3114 3214 B215 Beginning Operator 
Growing Commercial 
Operator 
B124 B224 3125 3225 
Retirement Operator 
Soil Group C 
C214 C215 Beginning Operator 
Growing Commercial 
Operator 
C124 C224 
Retirement Operator 
Figure 4.1. Description of relevant farm classes for 
Model II 
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each interviewee held to be satisfactory or unsatisfactory 
from a "borrowing standpoint. The arithmetic means of the 
opinions were used.^ 
The number of farm classes 
Fifty-four farm classes were possible in terms of the 
above criteria. However this number was reduced to 25 for 
1964 due to the small number of farms represented by some 
classes. It was estimated that all of the retirement class 
farms of 1964 would be non-existent by 1975* These accounted 
for eight of the 25 farm classes. Thus the final number of 
farm classes for 1984 was seventeen. 
The code and description of farm classes 
The farms are described by a code. The code refers to 
the criteria for classification. A, B, and C refer to the 
three size groups in ascending order. The designation 01, 02, 
or 03 is assigned to the age and experience criterion in as­
cending order of age. The designation 004, or 005 indicates 
satisfactory capital position and unsatisfactory capital posi­
tion, respectively. 
Thus A114 is a large beginning farm on group A land with 
a satisfactory borrowing position. The following list and 
Figure 4.1 summarizes the seventeen farm classes. 
^The coefficients of variation were large because of the 
small sample size and varying objectives of the lending 
organizations. 
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All4 A large "beginning farm with a satisfactory "borrowing 
position within soil group A. 
A124 A large growing commercial farm with a satisfactory 
borrowing position within soil group A. 
AI25 A large growing commercial farm with an unsatisfactory 
borrowing position within soil group A. 
A214 a medium sized beginning farm with a satisfactory 
borrowing position within soil group A. 
A224 A medium sized growing commercial farm with a satisfac­
tory capital position within soil group A. 
A225 A medium sized growing commercial farm with an unsatis­
factory capital position within soil group A. 
B114 a large beginning farm with a satisfactory capital 
position within soil group B. 
B124 A large growing commercial farm with a satisfactory 
capital position within soil group B. 
BI25 A large growing commercial farm with an unsatisfactory 
capital position within soil group B. 
B214 a medium sized beginning farm with a satisfactory capital 
position within soil group B. 
B215 A medium sized beginning farm with an unsatisfactory 
capital position within soil group B. 
B224 A medium sized growing commercial farm with a satisfac­
tory capital position within soil group B. 
B225 A. medium sized growing commercial farm with an unsatis­
factory capital position within soil group B. 
C124 A large growing commercial farm with a satisfactory 
capital position within soil group C. 
C214 a medium sized beginning farm with a satisfactory capital 
position within soil group C. 
0224 A medium sized growing commercial farm with a satisfac­
tory borrowing position within soil group C. 
C215 A medium sized beginning farm with an unsatisfactory 
capital position within soil group C. 
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Projection of Distributions of Classification 
Criteria to 1984 
The criteria of soil quality, age or stage of development, 
farm size, and borrowing power are as relevant to 1984 farm 
classifications as they were to 1964. The distributions of 
each of the criteria except soil group proportions were pro­
jected according to the following logic. 
The proportional distribution of farm sizes was projected 
arbitrarily.^ It was assumed that no small farms, that is, 
with less than 100 acres of cropland, would exist in 1984. 
These farms should be absorbed by the larger farms. Similarly 
the medium farms should become large. The percentage of 
medium farms in 1964 was added to that of the large farms in 
1964 to give the proportion of large farms for 1984. The per­
centage of small farms in 1964 was redefined as the percentage 
of medium farms in 1984. The result was a greater proportion 
of large than medium farms for all soil classes in 1984 by the 
1964 definition. 
Projection of the distribution of operator ages to 1984 
was arbitrary. The proportion of beginning farms was reduced 
It was expected that 1984 farm sizes would be determined 
by the linear program solutions for each farm class. Origin­
ally the 1964 size distributions were to have been projected 
using relative marginal value products of land as an indicator 
of economic incentive to expand farm size. As explained in 
the subsection on land distribution among farm classes in 
Chapter VII, farms did not actually expand their size in 1984 
plans. 
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by 56 percent which was added to the proportion of growing 
commercial farms. The projection depended on the following 
facts. Information on the rate of entry into TENCO agriculture 
was not available and could not be projected. The retirement 
farm of 1964 was not relevant to 1984. The average age of 
farm operators in TENCO increased by one year between 1959 and 
1964. Number of farms in TENCO declined 12.9 percent between 
1959 and 1964 due to a lack of offsetting entrants. There is 
an ever increasing awareness on the part of farm youth of 
their potential economic opportunities outside farming. This 
evidence leads to the conclusion that the distribution of 
operator ages and stage of development of the farms should 
shift in favor of the growing commercial farm. 
The projection of the proportional distribution of the 
borrowing positions was based on two factors. The first factor 
was the anticipated change in loan/assessment ratios. There 
was a trend toward 100 percent loan/assessment ratios for all 
types of loans reported by various lending agencies in the 
TENCO area." A single ratio of .90/I was used because of 
lessening variation in both treatment of loans for different 
purposes and various objectives of lending agencies. This 
ratio was a 36.4 percent improvement over a 1964 composite 
.66/1 ratio. 
^The agencies were the P.L.B., F.H.A., P.C.A., and private 
banks. The trend was reported during the personal interviews 
with the managers of these agencies for the survey of equity 
positions described earlier in this chapter. 
51 
The second factor was an adaptive lag associated with in­
flation of the prices of capital goods. This lag meant that 
lenders do not adjust their assessment ratios upwards as fast 
as real estate, in particular, inflates in value. The effect 
of this lag is particularly acute where large capital acquisi­
tions are planned. Assuming a 2.5 percent inflation rate and 
a four year lag, a 10 percent inflation effect was assumed.^ 
This inflation effect represented an optimistic estimate of 
the response of lenders to inflation. 
Consider both factors together. The trend to higher 
loan/assessment ratios enhances borrowing power. The infla­
tion response lag diminishes borrowing power. The arithmetic 
difference between the two factors represents the net effect 
on borrowing power. Therefore 26 percent (rounded) was used as 
a multiplicative reduction in the proportion of farmers in an 
unsatisfactory borrowing position. The proportional distri­
butions of each of the above classification criteria for 1984 
are reported in Table 4.1. 
Farm Numbers Within Farm Classes 1984 
The soil groups, age groups, farm sizes, and borrowing 
positions are each exhaustive criteria. Therefore, appropriate 
subdirect products of the distributions (in percent) of the 
criteria may be calculated to provide the relative importance 
^The calculation of the inflation effect is: (20 s 2,5) 
- (l6 X 2.5) = 10 percent (compounding ignored). 
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Table 4.1. Proportional distributions of criteria, weights, 
and actual farm size used for calculating the 
number of farms within each farm class in 1984 
Column 1 4 5 
Relative Actual 
Farm Soil Farm Operator Capital importance farm 
class type size age position weight^ size 
Units 
Percent Percent 
Percent within within 
Percent within soil type first 
soil and farm three of 
region type size categories Percent Acres 
Soil Group A Farms 
A114 34.6? 58.7 11.8 100 6.93 360 
A124 34.6? 58.7 88.2 71 36.76 360 
A125 34.67 58.7 88.2 29 15.01 360 
A214 34.67 41.3 11.8 100 4.87 241 
A224 34.67 41.3 88.2 74.5 27.14 241 
A225 34.67 41.3 88.2 25.5 9.29 241 
Total 100.00 
Total acreage 1,121,800 
Soil 1 Group B Farms 
Bll4 36.75 59.1 11.6 100 6.86 607 
B124 36.75 59.1 88.4 73 38.14 359 
B125 36.75 59.1 88.4 27 14.11 270 
B214 36.75 40.9 11.6 58 2.75 483 
B224 36.75 40.9 88.4 72 26.03 333 
B215 36.75 40.9 11.6 42 1.99 310 
B225 36.75 40.9 88.4 28 10.12 230 
Total 100.00 
Total acreage 1,189,000 
^The relative importance weight (¥j in Equation 4.1) for 
each soil group is the product of columns 2, 3s and 4 divided 
by 10,000 and is expressed as percent. Each weight expresses 
the relative importance of each farm class within the soil 
group which defines the class. 
^Obtained from the optimum solutions to the linear pro­
grams of the seventeen synthetic farms. 
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Table 4.1. (Continued) 
Column 1 2 3 4 5 6 
Relative Actual 
Farm Soil Farm Operator Capital importance farm 
class type size age position weight^ size 
Percent Percent 
Percent within within 
Percent within soil type first 
of soil and farm three 
Units region type size categories Percent Acres 
Soil Group C Farms 
C124 28.58 36.7 100 100 36.70 410 
C214 28.58 63.3 11.1 53 3.73 205 
0224 28.58 63.3 88.9 100 56.27 306 
C215 28.58 63.3 11.1 47 3.30 175 
Total 100.00 
Total acreage 924,800 
weights for each farm class (Table 4.1). Excluding the re­
gional distribution of the soil groups, the weights sum to one 
within each soil group. 
The number of farms in each farm class was calculated as 
follows; 
lOj = a '' J * Ak f 8^  (4.1) 
S j=i ^ J 
^The author acknowledges helpful advice from Dr. Herbert 
David, Professor, Department of Statistics, Iowa State 
University, Ames, Iowa. 
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*fch 
where: Nj Is the number of farms in the j farm class 
4-1^  "I 
is the relative importance weight for the j 
farm class 
1 *fcVi 8j is the median farm size for the j farm class 
o "fc h 8j is the actual farm size for the j farm class 
"bti Ai^ is the number of acres in the k soil group 
(A, B, or C) 
n is the number of farm classes in the k soil 
group. 
An example of the calculations is the application of this 
equation to calculate the number of farms in farm class All4. 
Table 4.1 provides the necessary information to solve the 
equation. 
"Am = * 1,121,000 f 360 
_ 0.0838 * 1,121,000 
360 
= 261.0 farms. 
The farm numbers calculated for 1984 are found in Table 
4.2. 
Historical Trends in Farm Numbers 
The historical decline in farm numbers in the United 
States should continue to 1984. The USDA Handbook of Agricul­
tural Charts 1964, (64, p. 37), reported that the number of 
family and larger than family farms in all the United States 
^Eefer to Footnote a. Table 4.1. 
Table 4.2. Estimated and projected number of farms for each farm class in 1964 
and 1984 
Class A Farms Class B Farms Class C Farms 
Farm Number Farm Number Farm Number 
name of farms name of farms name of farms 
1984 1964 1984 1964 1984 1964 
All4 261 318 B114 162 209 C124 1130 4o4 
A124 1386 533 B124 1527 634 C214 132 271 
AI25 566 340 BI25 751 472 0224 1340 432 
A214 165 344 B214 47 66 0215 137 159 
A224 882 6l4 B224 648 407 
A225 302 321 B215 53 142 
B225 365 352 
Small and Small and Small and 
retirement 2147 retirement 2516 retirement 3991 
Total 3562 4617 Total 3553 4798 Total 2739 5251 
1964 total estimated number of farms for TENCO 14672^ 
1984 total projected number of farms for TENCO 9854 
^This number overestimates the actual number of farms in I964 by 10.9 
percent. 
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declined from 3,358,000 in 19^9 to 2,413,000 in 1959.1 This 
change was a ten-year decline of 28 percent based on 19^9. 
Heady in the CAED Report 24, (59, p. l6), stated that the 
number of farms will decline at an even more rapid rate in the 
1964 to 1980 period. Higher proportions of older operators, 
wider spread of knowledge about economic opportunity for farm 
youth, and increased capital requirements for competitive 
firms to remain competitive were cited as some forces that will 
cause the rate of decline to increase. He quoted various 
estimates for I98O varying from 2 million to 800,000 possible 
farms. A projection of 1.1 million would be a decline to 45.5 
percent of the 1959 number. In a footnote to Heady*s CAED 
article the potential consolidation of farms and reduction in 
work force for agriculture was emphasized as being "extremely 
great." The author of this study would suggest that 1.1 
million is probably a conservative projection for 1984; 
920,000 farms in 1984 might be anticipated. The trend should 
be as apparent in TEWCO as for the United States. 
The projections of farm numbers for TENGO displayed in 
Table 4.2 are revealing when compared to a 1984 forecast of 
920,000 commercial farms for the whole of the United States. 
The slope of the linear trend represents a 2.5 percent annual 
^At the time of analysis more recent information was 
unavailable. 
^See Footnote 1, page 57. 
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reduction between 1959 and 1984.1 The 1964 Preliminary Report 
of the United States Census of Agriculture (69) contains data 
on farm numbers indicating an annual 2.56 percent reduction 
for TENCO from 15,41? to 13,425 farms between 1959 and 1964. 
The projection of TENCO farm numbers using the criteria de­
scribed earlier in this chapter is 9,854 in 1984. This pro­
jected rate of decline is 26.6 percent of the 1964 number. A 
discussion of possible implications of this relatively low 
rate is contained in Chapter VII. 
Summary 
This chapter described the criteria and measurement of 
the distribution of the criteria for classification of TENCO 
farms into 17 classes. The criteria were farm size, soil 
group, age of operator, and capital borrowing power. The 
The 1967 Statistical Abstract of the United States (70) 
reports the number of farms for the United States for each year 
from 1940 to 1967. A linear regression of numbers of farms on 
time between 1950 and I967 indicated an annual decline of 
141,690 farms per year. The e2 was 98.6; the t test was sig­
nificant at the one percent level. Linear projection of the 
number of farms to 1984 was 624,200 farms. A correction of 
this number for the exponential nature of the trend used a 
constant 2.04 percent increase in the positive deviation of 
actual trend from linear trend. The corrected 1984 projection 
was 921,630 farms. Calculation of the corrected projection 
for 1984: 
1 cionU = actual number 1967 . actual number I966 
linear projection 19^7 ~ linear projection 1966 
= 1.047 7 1.026 
921,630 = 624,200 * 1.047 * (1.0204)1? 
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method of calculating the number of farms in TEMCO over­
estimated the actual number by 10.9 percent. The number of 
farms in the region was projected to be 9,8^4 in 1984 which is 
a 26.6 percent decline over the 1964-1984 period. This pro­
jection depended on arbitrary speculation about future distri­
butions of each criterion used for classification. The rate 
of decline in number of farms projected for TENCO in 1984 was 
less than projected declines in farm numbers over the United 
States indicating that the historical rate of farm consolida­
tion need not continue in any individual region such as TENCO. 
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CHAPTER V. DATA 
Introduction 
The four types of data used in the study are discussed in 
this chapter. The four types are income goals, resource en­
dowments, prices, and technical input/output coefficients. 
The procedure used to compile the data and sources used are 
outlined. 
Income Goals 
Farm income goals included the disposable income require­
ment for a prespecified consumption mix and an estimate of the 
fixed costs to the firm. The disposable income requirement 
was called the family living expenditure requirement, and was 
the basic goal for farm families in this study. Projection of 
the goal was based on an actual estimate of the level and com­
position of 1964 consumption expenditures. Three different 
income goals were projected to 1984.^ 
Family living expenditure goals for 1984 were estimated 
in three stages. The first stage determined the consumption 
mix to be included in each goal. In the second stage the 
amount of consumption was related to assumed farm family 
characteristics. The special consumption survey in I961 
The author acknowledges helpful consultation with Herb 
Howell, Professor, Department of Economics, Iowa State 
University, Ames, Iowa. 
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provided the main source of information for both stages.^ It 
was assumed that the consumption and income patterns for the 
North Central Region held for TENCO. The third stage was the 
projection of 1964 family living expenditure levels to 1984. 
Consumption mix 
The consumption mix included the following four categories 
of expenditure: 
1. Expenditure for current consumption including housing, 
utilities, food, clothing, personal automobile, recreation, 
education, personal care, medical care, reading, and other 
miscellaneous family expenditures. 
2. Gifts and contributions, including personal gifts, 
church tithes, and voluntary welfare contributions. 
3. Personal life insurance. 
4. Postponed consumption meaning, in Keynesian terms, 
contingency and speculative balances. The amount of postponed 
consumption was arbitrarily set at 8.0 percent of the sum of 
the first three categories of expenditure. 
Family characteristics 
The "Consumer Expenditure and Income" survey (62) con­
tained three two-way classifications of family consumption 
expenditures according to family characteristics. 
^See the survey of "Consumer Expenditures and Income, 
Rural Population, Worth Central Region I96I"  (62 ) .  
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The three classifications were: 
1. Family size versus age of farm operator. 
2. Family size versus net farm income classes. 
3. Age of farm operator versus net farm income classes. 
The net farm income classification served as a proxy for 
the farm size classification of farms in TENCO. Family sizes 
were assumed for each of the seventeen farm classes. Using 
these two assumptions and the ages of farm operators for the 
seventeen farms, three expenditure levels for each farm were 
obtained from the cross-classifications. The three levels 
were averaged for each farm class. The seventeen averages 
were the I961 family living expenditure levels for each farm 
class. These I961 levels were transformed into 1964 terms by 
using a time trend of farm family expenditure levels in con­
stant 1964 dollars- from Iowa Farm Business Association summa­
ries.^ 
Projection to 1984 
Farm families should be no worse off at any time in the 
future than in 1964. This no-worse-off principle defines the 
lower bounds on the projections. The upper bounds are 
See annual reports of family living expenditures from the 
Co-operative Extension Service at Iowa State University (31). 
These unpublished papers report annual surveys of farm 
families participating in Iowa farm business associations. 
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maximum practical rates of growth in family living expenditure.^ 
The rates of growth for the high goal were based on pro-
2 jected family size and maturity. The low and medium family 
living expenditure goals for 1984 were the 1975 and 1984 goals 
projected for Model I. The three projections for each farm 
class are found in Table 5.1. 
An estimate of the fixed cost^ for each farm class was 
based on the 1964 inventory of resources.^ The high-, medium-, 
and low-income goals were calculated by adding these fixed 
costs to the respective family living expenditure projections. 
The income goals are described in Table 5.2. 
The upper bounds depend on present ideas of what 
'practical' means. Farm family consumption levels could ex­
ceed urban family consumption levels for equivalent education 
by 1984. In certain farm circles family living expenditure 
parity with urban levels is a lower bound. 
o 
See Table D.2 for the rates of growth of family living 
expenditure for the high-income goal associated with age of 
operator and stage of farm development. 
^The Model I projections used lower growth rates than did 
the projections for the high income goals. 
^The components of fixed cost were described in the last 
section of Chapter III which described the simulator. 
^The method of obtaining resource inventories for each 
farm class is described in the next section. 
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Table 5.1- Projected family living expenditure levels in 
dollars for each farm class in 1984 
Farm name 
Income goal level 
Low Medium High 
A114 6221 8066 10913 
A124 10208 13267 18681 
A125 6819 8858 12510 
A214 6737 8745 11787 
A224 9476 12309 17347 
A225 6377 8271 11678 
B114 6221 8066 10930 
B124 8786 11413 16101 
B125 8024 10424 14862 
B214 6778 8787 11883 
B224 8148 10579 14920 
B215 5738 7437 10103 
B225 6850 8889 12570 
C124 10208 13267 18681 
C214 6552 8509 11479 
C224 7601 9878 13917 
C215 5748 7448 10113 
Table 5.2. Projected income goals in dollars for each farm 
class, 1984 
Farm name 
Income goal level 
Low Medium High 
A114 36026 37872 40719 
A124 43259 46318 51732 
AI25 39569 4l608 45260 
A214 20225 22233 25275 
A224 23122 25955 30993 
A225 15111 17005 20412 
B114 40991 42836 45700 
B124 36308 38935 43623 
BI25 31920 34320 38578 
B214 23002 25011 28IO7 
B224 18428 20859 25200 
B215 14680 16379 19045 
B225 I8071 20110 23791 
C124 35472 38531 43945 
0214 11432 13389 16359 
0224 14005 16282 20321 
0215 8927 10627 13292 
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Resource Endowment^ 
The resources for each synthetic farm were "broadly out-
2 lined in Chapter III. The method of obtaining the resource 
endowments is described here. A detailed list was made of all 
relevant farm resources. The list was given to the extension 
agents and district economist in TENCO. Each man was given 
five definitions of farm classes and asked to specify the 1964 
inventory of assets which would characterize each farm class 
in question. At least three independent estimates for each 
farm class resulted. These estimates were used as the basis 
3 for each resource endowment used in the linear programing.^ 
The above method of assessing the resource endowment for 
each farm was used (as opposed to interviewing farmers) be­
cause of sampling difficulties arising from an undefined 
The word 'endowment* simply connotes that which has been 
bestowed, from whatever source, on the farm. Permanency is not 
necessarily implied though a present value is implied. 
p 
See the description of the restraints for the linear pro­
gram in the section beginning on page 26 of Chapter III. 
^No knowledge existed about a 1984 resource situation for 
any of the farm classes. The linear program (see the appro­
priate section in Chapter III) contains a facility acquisition 
mechanism that permits the acquisition of any or all produc­
tive inputs. Furthermore, farm plans for 1984, based on a 
1964 benchmark resource endowment, give useful information 
about the changes in farm resource structures for planning 
purposes. Therefore, the 1964 farm resource endowments were 
used. 
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population. It was not feasible to classify every farm in the 
region according to the farm classifications used in this 
study. 
Prices 
General assumptions 
A set of prices was devised based on the following assump­
tions about world peace, social agricultural programs, and 
market location. There will not be a major world war which 
could disrupt international and domestic price stability. 
International co-existence will encourage trade and cooperation 
in meeting food difficiencies where they arise in the world 
which will promote wider markets for all farm products at prof­
itable non-supported prices. Higher effective demand for farm 
products will lessen the need for production controls. The 
increasing power of the urban vote will cut back government 
programs for subsidizing agriculture. From the point of view 
of any region as small as TEWCO, there exists a perfectly 
elastic demand for all agricultural products at prevailing 
prices. The above assumptions are the basis for ignoring 
government production control programs. Current decentralization 
of the livestock markets will continue. This assumption is the 
basis for using interior Iowa livestock prices. 
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Projection considerations 
Relative prices determine production decisions. The pro­
jection problem concerns not the absolute price level but the 
relationships among factor/factor, factor/product and product/ 
product prices. There is virtually no a priori basis for pro­
jecting the level that prices actually will take in the 
future. Furthermore, it is difficult to sort out pure differ­
ential inflation effects on prices. No inflation should be 
considered in long-range planning because interperiod compari­
sons are then difficult. 
Constant 1984 prices are used for all farm inputs and 
outputs in 1984. This procedure has several advantages. Con­
stant margins are maintained at a realisable level. The 
problem of coming up with a consistent overall market situa­
tion with individually projected prices is avoided. There is 
no evidence that any particular projection model would provide 
a better pricing system for a 1984 situation than 1964 prices. 
Determination of 1984 prices 
Input prices Land prices were estimated in the same 
way as the resource endowments. Prices were based on the soil 
group, proportion of tillable land, and the locational charac­
teristics of each farm class. Land prices estimated for 1964 
were used in the 1984 plans because the following factors were 
very difficult to predict; (1) Demand for land for wildlife 
refuges, parks, reservoirs, and non-agricultural uses. (2) 
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Reduction in the transaction rate or turnover of land as small 
farms disappear and consolidated ownership emerges. (3) The 
speculation motive for "buying land. The degree of lack of 
realism in using constant land prices will be proportional to 
the difference between actual future land price increases and 
inflation of the general price level for inputs and output. 
The prices of other inputs were taken as given for 1^64 by 
local seedhouses, fuel distributors, the agricultural engineer­
ing study by Frisby (17), and the many sources that supplied 
technological data. 
Output prices A set of output prices was used, based 
on the respective market locations and market seasons for each 
agricultural product. All prices were ten-year averages of 
exterior market prices^ converted to Iowa interior prices. 
The conversion procedure is as follows for each product; 
'lO 
S 
3=1955 
where; = converted 1964 price for any product 
^64 = 
= exterior market price in the year 
j = 1955, 56, ... 1964 
T P 
= interior Iowa price for 1964 
The exterior markets were chosen according to tradition­
al product flows out of TENCO. 
2 Interior Iowa prices were available for all products 
only in 1964. Market News Service, State of Iowa, Des Moines, 
Iowa. Iowa interior market prices for 1964. Private com­
munication. 1965. 
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Possible abnormality of the interior Iowa 1964 prices 
with respect to the past ten-year averages is assumed directly 
proportional to the abnormality of the exterior 1964 prices 
with respect to the same ten-year averages for any product. 
The converted 1964 prices and the exterior markets used to 
convert the prices are given in Table D.3 in Appendix D. 
Technical Data Generation and Description 
Introduction 
Technical data was mainly unavailable in a useful form 
for this work. When available, it was not directly applicable 
to TEWCO conditions or the cropping and other techniques 
assumed. Labor and machinery use data were not available. 
Yields had to be adjusted according to soil classes. Ferti­
lizer recommendations were created especially for the soil 
association areas in this study according to projected yields. 
Livestock rations, labor requirements, and other input infor­
mation varied by more than 100 percent according to source. 
There was essentially no data for establishing activities to 
acquire capital improvements. 
Compilation of input/output data 
The input/output data for this study was collected from a 
large number of primary and secondary sources. Though not 
really part of the planning program per se data collection 
accounted for at least one-half of the research on this project. 
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Details about the calculation and sources of input/output 
coefficients for the activities are discussed in Appendix A. 
Detail is completed in Appendix B, where a sample input/output 
matrix is presented in a coded form. The code is supported by 
a verbal description of the row and column identification. 
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CHAPTER VI. 1984 REGIONAL PRODUCTION PLAN 
FOR THE LOW-INCOME GOAL 
Introduction 
The regional production plan includes details about prod­
uct mix, quantities, qualities, and location of production.^ 
The qualities of the product mix are represented by the prices 
used for product valuation. The location of intensity of 
production is identified by the soil groups of the farm 
classes. 
The bases for the regional projections are the optimal 
farm plans derived for the seventeen farm classes. The opti­
mum plan of one farm (A224) is analysed in Appendix C. The 
results for the seventeen farm classes are aggregated into 
regional projections by the following function. 
17 
= Z N.R. . (6.1) 
1 j=l J 
"fcii. 
where: R^ = the regional value for the i production 
variable 
th 2 N. = the number of farms in the j farm class 
th R. . = the value of the 1 variable as given by 
^ the optimum farm plan for the jth farm class. 
^The complement to the output side of a production plan 
is the resource use aspect. This aspect is described in 
Chapter VII. 
'.1. 
2 The number of farms is calculated according to Equation 
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This function is applied to relevant variables from both the 
linear program and the simulator. 
This chapter describes the production estimates for 1984. 
Selected variables are described, including a comparison with 
1964 values, and discussion of the realism of the projections. 
Crop Production 
Corn 
Projected corn production in 1984 was 43,769»800 cwt. 
The production for 1964 was 21,075,500 cwt. (Table 6.1)^  
The most profitable disposition of corn in 1984, given 
all prices and costs of production for corn-using enterprises 
is livestock feeding. No corn is sold for cash. The reduci­
ble cost^  of the corn-selling activity for farm class A124 is 
$0,117. A ceteris paribus selling cost reduction from zero 
to -$0,117 would be required to make corn sales competitive 
with other corn-using enterprises. In 1964 farm sales of 
corn constituted 38.4 percent of total disposition of corn 
(69). 
Corn was produced in the plan according to linear 
program activities 2 and 29 on group A and B soils, and 
activity 30 on C soils. See Appendix B for a description 
of these activities. 
2 Reducible cost is the change in a cost coefficient 
that would cause a variable to change its solution level. 
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Soybeans 
Soybeans are as dominant a crop in 1984 as in 1964. Pro­
duction in the 1984 plan is 28,698,400 cwt.^ as compared to 
4,463,100 cwt. in 1964. Table 6.1 displays the location of 
1984 soybean production by soil groups. 
Hai 
Hay is virtually eliminated from 1984 livestock rations, 
indicating little farm demand for hay in 1984. A small amount 
of hay is sold at prevailing 1964 relative prices in 1984. Hay 
production is therefore negligible in the plan. 
Silages 
Silage production from corn and forage sorghum is meas-
2 
ured in standard cwt. of TDN. This measure reflects digesti­
ble nutrient content and permits pooling the types of silage 
production. Under the 1984 plan 5»727,400 cwt. TDN are pro­
duced.^ No comparison with 1964 is possible due to lack of 
data. 
^See activities ?, 34, and 63 in the linear program 
described in Appendix B. 
p 
A standard cwt. of TDN for corn silage equals Tons of 
production * .20 * 20. A standard cwt. of TDN for forage 
sorghum equals Tons of production .15 ^ 20. The TDN content 
of these two forages was estimated on the authority of Morri­
son's "Feeds and Feeding" (44). 
^See activities 35 and 45 in the linear program described 
in Appendix B. 
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Livestock Production 
Beef cattle 
Cow/calf operations Beef enterprises for all optimal 
farm plans in 1984 are the beef cow/calf type.^ The calves 
are fed to light market weight. The number of beef production 
units in the 1984 regional plan is 470,000 beef cows. In 1964 
the number of cows, including heifers, that had calved was 
203,664. If the mix of sizes of beef cow/calf enterprises 
is the same in 1984 as in 1964, this number of animals repre­
sents a 2.3 fold increase in the number of herds in TENCO. 
The conditional aspect Beef cattle production under 
the plan was conditioned by two factors. First, beef pro­
duction entered the plan only because pasture derived forage 
2 
consumption was forced. Second, in some cases the number 
of beef cattle on a farm in 1984 was dictated by the number 
of cows estimated to be on the farm at the end of 1983• 
Therefore, the cattle numbers were conditional and not freely 
set with respect to their contribution to net income and 
variable costs. 
Projected rates of growth in beef cow numbers compared 
^The activity numbers on the linear program are l68 
and 169. See Appendix B. 
2 The linear programs all force the use of pasture-land 
and the forage produced from pasture-land to avoid unused 
land in the optimum plans. 
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with historical rates suggested useful results from the Federal 
Government and Iowa State University programs to encourage 
pasture Improvement in combination with beef cow/calf enter­
prises. These programs have been concentrated in counties 
endowed with large proportions of pasture-land. The rate of 
increase in cow numbers from 1959 to 1964 for selected 
counties was 11.8 percent in Wayne, 13.5 percent in Lucas, 
and 1^.4 percent in Monroe. The rate for Appanoose county 
was 1^.5 percent and for Davis, 19.8 percent (69). These 
rates are lower than the predicted regional 6.2 percent per 
year trend to 1984. 
In summary, the I30 percent increase in beef production 
may be expected under the three following assumptions. Farm 
operators will not allow pasture to remain idle. They will 
continue to Improve their pastures. Beef cow/calf operations 
suit farmers for reasons beyond the realm of economics. 
Sheep 
The nature of production The 1984 plan anticipates a 
4.97 fold increase in sheep production expressed as number of 
ewes. The total number of ewes on farms in TENCO during 1964 
was 141,700. The projected number is 70^,000 in 1984. The 
nature of this production is unconventional in 1964 terms. 
Though lamb feeding, ewe/lamb feeding, and feeder enterprises 
were included in the array of enterprise choices, the con-
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slstent enterprise in the farm plans is a special ewe/lamb 
activity^ producing bred ewes as the market product. Wool 
and feeder lambs are by-products of this sheep enterprise. 
Approximately 65 lambs will be sold as late spring feeders 
for every 100 ewes, making TENCO a feeder lamb exporter. 
Marketings of fat lambs and spring lambs should drop dra­
matically between 1964 and 1984. 
Analysis of sheep enterprise pro sections The impli­
cations of this sheep enterprise are that TENCO export 
breeding stock. Critical to an estimation of the probability 
of the actual success of this aspect of the plan is the will­
ingness of farmers to undertake a new sheep enterprise in­
volving special skills with respect to animal selection, 
breeding, and marketing. 
The importance of sheep in the 1984 plan is contrary to 
the I959-I964 trend in terras of ewe numbers. The decline in 
numbers of ewes for this period was 21.9 percent, 27.2 per­
cent, 22.0 percent, 18.9 percent, and 1^.5 percent for 
Appanoose, Monroe, Van Buren, Lucas, and Davis counties, 
respectively, based on 1959. The reason for the historic 
decline may lie in non-economic factors. The consistent 
feeling among livestock specialists in the TENCO region is 
that sheep are "too much trouble." Furthermore, dogs have 
been an ever-growing menace to sheep flocks, causing economic 
^See activity 145 in the linear program description in 
Appendix B. 
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repercussions by eliminating profit margins. 
The sheep enterprise in the plan is less costly than 
beef when beef cows have to be purchased. The variable costs 
involved in beef cow acquisition are proportionally the same 
as in the purchase of ewes. The ratios of net returns to 
variable costs for the beef cow/calf operation including 
acquisition of a cow is O.51I. For the sheep activity it is 
0.628. These figures include interest on the acquisition 
loan for the first year. Without acquisition of livestock, 
the ratios are 2.28 and 2.00, respectively, indicating the 
advantage in favor of beef. This advantage explains the 
residual nature of sheep production in this plan. 
In sum this sheep activity is a feasible and least cost 
plan for achieving a set income target. The attainment of 
an Income target depends in any case on bringing it to the 
attention of decision-makers. 
Swine 
Market hog production The number of sows in the 1984 
plan is substantially above the 1964 census enumeration. 
The census estimated that 147,400 pigs were used for breeding 
in the ten counties in 1964. In the 1984 plan there are 
397,200 sows or 269 percent of the 1964 number. Boars were 
included in the 1964 estimate of breeding stock. Therefore, 
the estimated growth in importance of swine in TENCO is 
conservative. 
Table 6,1. Agricultural production for TENCO for the low-income goal in 1984 
compared to 1964®-
Soil A Soil B Soil C Total Total 
Product 1984 1984 1984 1984 1964 
Corn 17,295. 4 16,763.7 9,710.7 43,769.8 21,075. 5 
Soybeans 17,300. 0 10,272.2 1,126.2 28,698.4 4,463. 1 
Silage 921. 2 1,869.9 2,936.3 5,727.4 NA^ 
Beef Cows 114. 4 187.1 168.9 470.4 203. 7 
Ewes 
— — — 150.1 554.9 705.0 I4l. 9 
Sows 141. 6 136.6 119.0 397.2 
I—i 
4 
Swine Marketed 2,232. 0 2,151.4 1,933.3 6,316.7 1,373. 0 
Market Hogs 2,232. 0 2,14^.4 983.7 5,361.1 NA 
Weaned Pigs — — — 6 . 0  949.6 955.6 NA 
^Production is measured in units of 1000 cwt. for corn and soybeans; 1000 cwt. 
of TDN for silage; 1000 animals for all livestock. 
^NA means not available. 
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Of the projected 6,316,700 pigs marketed in the 1984 
plan, 84.8 percent or ^ ,3^1,100 are market hogs weighing 205 
pounds (Table 6.1). This market weight is lower than the 
225 pounds used in 1964, reflecting an anticipated movement 
to a grade and yield basis for establishing hog prices. A 
leaner animal should evolve over the twenty-year period. 
All market hogs in the plan are produced with a two 
sow/four litter system. Each unit of this enterprise consists 
of two sows farrowing at staggered times to produce one 
litter per quarter of the year.^ 
Weanling pig production An important subsidiary hog 
2 
activity is the production of weanling pigs. This enter­
prise is associated with farms on soil group C. The volume 
of output is 955J600 pigs. Feeder pig operations are not 
included in the regional plan, therefore the entire volume 
of weanlings constitutes an export. 
Swine projections and the future Considerable 
improvement in swine management and technology (increased 
litter numbers, sizes, and survival rate) is built into the 
1984 hog function. The rate of increase in swine marketings 
is more than 1.72 times as high as the rate of increase in 
^The activity number is 136, For a description see 
Appendix B. 
2 The activity number is 137= For a description see 
Appendix B. 
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sow numbers.^ The Increase reflects an overall 72 percent 
improvement in litter marketing efficiency from 1964 to 1984. 
Two considerations bear on the future for hog production. 
The first consideration is long-run world demand for protein. 
Demand for protein is increasing; new synthetic meat and other 
processes are beginning to market vegetable proteins more 
efficiently than animals. The supply of supplements such as 
soybean oil meal to animals could possible disappear. In the 
absence of substitutes for these sources of protein, costs of 
swine production probably will increase. 
Second, relatively low income elasticities, cross price 
elasticities, and own-price elasticities for domestic pork 
products should hasten an already obvious decline in per 
capita consumption of pork to 57.2 pounds in I98O from 62.2 
pounds in 1964. Substitute meats such as beef, lamb, and 
poultry come from animals which can consume roughage not 
consumable by humans and can utilize land that cannot be 
cropped. Introducing a Malthusian note, it is possible that 
pork production, using present feeding techniques, might be 
disallowed in the early 21st century because swine compete 
with humans for food. 
^Based on the 1964 number of all swine marketed in TENCO 
(l,373;040 animals). 
2 A linear trend was calculated using the method of least 
squares. The ten-year time series (from 1957 to I966) of per 
capital consumption of all pork excluding^lard, in the United 
States was used. The trend equation was = 64.2 - .25X, 
where X = 28. 
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Livestock product processing and marketing 
In general The 1984 plan is based on a system of 
interior Iowa markets for all livestock.^ Buying stations 
proximate to the location of livestock production, and on-
farm consignment become the basis for market deliveries by 
producers. The producer pays for the transport of live 
animals to buying stations; the processors pay subsequent 
transportation costs to their plants. 
Livestock product processing plants existing in 1964 
are assumed to be in operation in 1984. However, production 
growth for various types of livestock in TENCO may warrant 
the establishment of new specialized single line processing 
and packing units. The following paragraphs discuss the 
effect of production increases for livestock on processing 
plant location and other marketing considerations. 
Beef In contrast to the experience of Western 
Europe between the mid-fifties and mid-sixties, growth of 
beef production in TENCO should not exceed the growth in 
numbers of beef cows. The demands for capacity in beef 
handling, transportation, and processing are expected to 
increase by I30 percent in the 1984 plan. The flexibility 
of the localized buying system and the trucking industry 
^See the section on prices in Chapter V. 
2 The rate of increase in beef cow numbers is projected 
to be 130 percent to 1984. 
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should respond to the increased demand for their services. 
The location of any new processing and packing plants should 
take into account the pasture orientation of planned "beef 
production. The actual decision to establish a new plant 
depends on flexibility of present capacity, industry costs, 
processing technology, and aggressiveness of proposed man­
agement . 
Sheep A market organization should be anticipated 
to handle bred ewes for distribution to sheep producers in 
Iowa and other states. Some quality control and promotion 
activity would be important for this type of product. The 
same organization or a subsidiary would be necessary for 
marketing feeder lambs. 
Swine One can expect only 91.1 percent as much pork 
to move on to the market in 1984 for every 100 percent in­
crease in animal numbers because of lower market weights. 
In 1964 a proportion of hog production moved to markets 
situated outside of the ten county area. This proportion 
was very difficult to assess. The establishment of addi­
tional abbatoirs and processing facilities within TENCO 
merits consideration because of the projected volume of 
5,361,100 market hogs. Economies of scale in processing 
facilities will determine the number of plants that could 
profitably be located in TENCO. Careful planning of the 
location of additional plants could result in a substantial 
reduction in the proportion of hogs exported from TENCO. 
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The production of feeder pigs in the plan requires a 
suitable marketing system. A feeder pig co-operative mar­
keting system might be appropriate for collection, handling, 
and distribution of the weanlings. A market system should 
make price and demand information available to producers; 
use a form of contractual production agreement; provide 
aggressive sales promotion; and co-ordinate transportation. 
Manpower requirements No conclusions are drawn 
about the optimum size of meat processing plants or the ways 
in which their organization allows specialized or simulta­
neous handling of several animal species. The technology 
of meat handling is not projected either so that no empirical 
information on employment possibilities is available. How­
ever, the increased volume of animals to be slaughtered does 
imply Increasing employment in this industry for TENCO inhab­
itants. The increase may be by a factor of two for beef and 
three to four for hogs. These factors assume gradually de­
creasing labor intensity in the processing and packing 
operations. 
Summary 
Regional production of crops and livestock in the 1984 
plan increased compared to regional production in 1964. 
Corn production was projected to double by 1984 from 1964 
levels. All corn in the plan was fed to livestock. Soybean 
production was projected to increase at least sixfold in 
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the period 1964 to 1984, thus becoming a very Important source 
of cash Income for TENCO farmers. Hay as a crop did not 
significantly enter the plan. However, corn and forage 
sorghum silage Increased In Importance as roughage feed. 
Cow/calf operations utilizing Improved pasture were the 
dominant beef activity In the region with a I30 percent in­
crease in cow numbers from 1964 to 1984. A new specialized 
sheep breeding enterprise, marketing bred ewes and feeder 
lambs was projected to greatly Increase the use of rough 
pasture in the region. Swine were produced on a continuous 
basis with four equally spaced farrowing times in the year. 
The number of swine marketed in 1964 was 1,373,000 animals. 
The 1984 plan projected the production of 5,361,100 market 
hogs and 1,910,700 feeder pigs. 
Livestock market delivery points should be decentralized. 
Expansion of meat processing and packing facilities was 
warranted by increased animal numbers in 1984. Employment 
could double or triple in the meat processing industry in 
TENCO. 
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CHAPTER VII. REGIONAL RESOURCE-USE PLAN 
FOR ACHIEVING THE LOW-INCOME GOAL 
Introduction 
The regional production development plan for 1984 is 
based on fulfilling specified net farm income targets. The 
resource-use plan for 1984 is a demand schedule for resources 
required by the production plan. The mix of resources is 
estimated by accounting processes in the linear program and 
the simulator. 
Resources are divided into five groups to simplify 
description of the resource-use plan.for 1984. The groups 
are land, labor, long term capital, short term capital, and 
credit. Land use and farm size are the important aspects of 
land in the 1984 plan. Labor analysis includes seasonal 
labor requirements, underemployment, and hired labor demands. 
Capital investment is long term if it is productive for 
periods longer than one year. Fertilizers, pesticides, and 
fuels are annual inputs^ or short term capital. Bovine live­
stock and machinery are long term capital inputs because their 
services are spread over more than one year. Farm credit is 
considered as a resource and is discussed at the end of the 
chapter. 
^Although fertilizers and pesticides in general do have 
residual effects lasting more than one year, most of their 
value is dissipated in the year of application. Therefore, 
they are called short term capital inputs. 
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Land Use 
Land distribution among crops 
The distribution of cropland by crops in the 1984 plan 
differs from the 1964 distribution in the levels of production 
and. in the mix of crops. The production of hay and the con­
cept of meadow are almost nonexistant in the plan. The Cen­
sus definition of what constitutes meadow is not clear, and 
no precise comparison may be made with 1964. However, esti­
mates of the 1964 cropping pattern indicate that hay and 
pasture use of land suitable to row crops amounted to between 
27.7 and 43.2 percent of this type of land.^ The 1984 plan 
redistributes all of this land among row crops. 
The reduction of hay production began before 1964. Be­
tween 1959 and 1964 acreage in alfalfa dropped 19.2 percent 
in Keokuk county, 9«2 percent in Appanoose, 4 percent in 
Davis county, and 16 percent in Mahaska county. These re­
ductions were consistent with those projected in the plan. 
Expected changes in livestock rations were the most obvious 
downward forces on hay production. 
Acreage planted to corn increases in the plan from 
539.66 thousand acres in 1964 to 684.25 thousand acres in 
1984. Land use for soybeans increases to 1,224.6 thousand 
^The estimates of land use for hay and pasture are 
derived from farm class land use information obtained from 
the survey of extension personnel in TENCO. The nature of 
this survey was described in Chapter V, p. 49. 
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acres from 288.3 thousand acres in 1964. Table 7.1 summarizes 
the land use distribution by crops. The second half of the 
table gives the percentage distribution of land in crops. 
Silages^ in 1964 accounted for just under one percent of all 
tillable land in TENCO. In 1984 silages are a much more 
important aspect of the crop pattern, with acreage increasing 
almost fivefold and the share of cropland increasing to 3.9 
percent. Silages are particularly important in soil group C 
areas, where silage and pasture form the basis for intensive 
forage-based livestock activity. 
Row crops accounted for 42.5 percent of tillable land 
use in 1964. The balance was used as tame meadow, low 
intensity pasture, or not used. The expansion of acreage in 
row crops is of fundamental importance in increasing net farm 
Incomes in TENCO. 
All land suitable for improved pasture was forced into 
use on the presumption that such land should not be allowed 
3 to go idle. Use of this land was profitable in a net income 
sense; that is, net income of enterprises requiring pasture 
^Silages include corn silage and forage sorghum. 
2 Iowa State University, Cooperative Extension Service, 
Agricultural Subcommittee, TENCO, Ames, Iowa. Agriculture 
in TENCO of Iowa, Private communication, ça. 1964. 
^This land does not include tillable cropland. 
Table 7.1. Cropland use by major crops In the 1984 low-Income plan compared to 1964 
Soil A 
1984 
Soil B 
1984 
Soil  C 
1984 
Total 
1984 
Total 
1964 
(1000 acres) 
Corn 212.03 274.80 199.40 686.25 539.66 
Soybeans 650.50 488.80 85.30 1224.60 288.30 
Silages 9.29 23.00 44.60 76.89 17.21 
(Percent) 
Corn 24.3 34.9 60.6 34.5 27.1 
Soybeans 74.6 62.2 25.9 61.6 14.5 
Silages 1.1 2.9 2.9 0.9 
Total 100.0 100.0 100.0 100.0 42.5^  
^The balance of the land was used in meadow and pasture, or left unused in 
1964. 
88 
was greater than zero. However, use of this land involved 
high variable cash costs. Test solutions of the linear pro­
grams indicated that a minimum variable cost objective would 
prohibit the use of land as pasture. The marginal cost of 
this land type was always a large negative number in the 
solutions to individual plans. An artificial situation 
would exist if this important resource was to go slack in 
any economic plan. 
Land distribution among farm classes 
The 1984 plan shows how the family farm structure of 
TENCO agriculture may be preserved. None of the optimum 
solutions for any of the farm classes involved land acqui­
sition. The land base of 1964 for each farm class is ade­
quate to meet the income-generating requirements of the 
farms. The region can attain its development goal merely 
by a changed distribution of farm classes.^ 
The greatest changes in the distribution of farm 
classes are estimated to occur for the growing commercial 
farms with a satisfactory capital borrowing position in 
196k. The number of farms in farm class A124 is projected 
to change from 533 i%i 19^4 to 1,386 in 1984. The land in­
ventory for A124 remains constant at 290 acres of tillable 
^See Table 4.2 for a summary of the 1984 distribution 
of farm classes in TENCO. 
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land and 40 acres suitable for improvement as pasture. Farm 
class B124 is projected to increase its importance by 1984. 
Numbers of farms in C124 and 0224 increase from 404 ànd 432 
to 1,130 and 1,340, respectively. These four farm classes 
account for 14.9 percent of the total number of farms in 
1964 and 54.6 percent in 1984. 
Planned farm size and historical trends 
The results of the 1984 plan conflict with historical 
trends in farm size and numbers of farms. Historically, 
commercial farm size has expanded and the number of farms 
has declined at nearly twice the projected rate in each 
county of TENCO.^ Three different hypotheses are forwarded 
to explain why optimum farm sizes for 1984 are not greater 
than observed farm size in 1964. 
1. (a) Land substitutes for management ability in 
practice, while management ability can in fact substitute 
for land, as demonstrated by the plan. The 1984 plan illus­
trates that superior enterprise co-ordination permits opti­
mization of variable costs with the given income targets 
without increased land. 
(b) The superior enterprise co-ordination requires 
managerial ability not attainable by all farm operators. If 
^In the section entitled "Historical Trends in Farm Num­
bers" in Chapter IV the rate of decline in farm numbers for 
TENCO is projected to be 1.33 percent per year based on 1964, 
While the rate between 1959 and 1964 was 2.56 percent per 
year, also based on 1964. 
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management ability is lacking, land may be used as a substi­
tute. Farm sizes could increase in this event. 
2. The low-income goal for 1984 is lower than those 
goals which will actually exist in 1984.^ There is some 
historical support for this hypothesis from Census reports 
(69) of farms in census class I, II, and III. In 1959 the 
proportion of commercial farms marketing $10,000 or more 
product in TEWCO averaged 25.6 percent. In 1964 proportions 
averaged 32.6 percent indicating a shift to higher incomes by 
1964. 
3. Factors not associated with net farm income goals 
per se cause farm size to increase and consequently farm 
numbers to decline. The factors could be speculation on 
capital gain, land-oriented prestige, non-speculative invest­
ment of savings, and chance purchases of land proximate to 
present holdings. These factors are not included in the plan. 
In summary, the 1984 plan does not include growth in 
farm sizes for any farm class. Declines in farm numbers in 
the plan occur only because the distribution of farm classes 
changes in favor of the classes with larger land holdings. 
In fact, even a high-income goal does not require farm 
numbers to decline or farm sizes to increase farther than for 
this low income plan. See Chapter IX. 
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Labor 
Output/labor ratios 
The aggregate labor inputs to agriculture are expressed 
in terms of farm families. The number of farm families is 
calculated in Chapter IV.^ The degree of underemployment of 
the families is discussed in the next section. 
Output/labor ratios and their distribution by amount 
of gross sales over the farm classes are relevent as effi­
ciency measures. Table 7.2 shows the distribution of labor 
inputs according to gross sales for each farm class. Figure 
7.1 contains a classification of output/labor ratios for the 
farm classes according to soil group, farm size, experience 
and age of operator, and capital position. The lowest output/ 
labor ratios occur for farm classes on soil group C, medium 
sized farms, beginning farmers, and farms with a satisfactory 
capital position. The highest output/labor ratios occur on 
soil group A farms, large farms, farms with a satisfactory 
capital position and for beginning farmers. The 1984 farm 
plans for farm classes on soil groups B and C are livestock-
^The number of farm families projected for 1984 in the 
low-income plan is 9854. 
^The output/labor ratio is calculated by dividing the 
number of hours of labor input into gross sales measured in 
dollars. The gross sales for each farm class firm are ob­
tained from activity levels in the solutions to linear pro­
grams. Similarly labor inputs are accounted for in Row 12 
of the linear programs. 
Table 7.2. Labor and capital requirements for farm classes according to gross sales 
in 1984 for the low-income plan 
Dollars Dollars Dollars 
Units Dollars Hours per hour $1000 per hour per dollar 
Farm Output Capital Capital Output 
class Gross Labor labor net labor capital 
name sales use ratio worth ratio ratio 
A114 47806 1759 27.2 185.88 105.67 .2571 
A124 56385 2308 24.4 207.23 89.79 .2721 
AI25 53826 24l6 22.3 195.82 81.05 .2749 
A214 28013 1174 23.9 124.29 105.87 .2254 
A224 31328 1364 23.0 134.58 98.66 .2328 
A223 22140 1068 20.7 118.54 110.99 .1868 
B114 83567 5189 16.1 223.20 43.10 .3744 
B124 50764 2314 21.9 159.63 68.98 .3180 
BI25 42569 2296 18.5 108.30 47.17 .3931 
B214 46469 4506 10.3 161.65 35.87 .2875 
B224 25876 1459 17.7 110.99 76.07 .2331 
B215 26834 2428 11.0 98.49 40.56 .2724 
B223 23878 1261 18.9 85.24 67.60 .2801 
C124 60799 3772 16.1 127.56 33.82 .4766 
C214 23133 2526 9.2 54.70 21.65 .4229 
C224 25004 2681 9.3 73.86 27.55 .3385 
C215 16854 1640 10.3 42.61 25.98 .3955 
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Soil A 
Soil B 
Soil C 
Large 
Medium 
Beginning 
Growing 
Comm ercial 
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Figure 7.1. 
Output/labor Ratio 
(Dollars per hour) 
Distribution of output/labor ratios of the 
farm classes for the 1984 low-income plan 
according to soil group, size, experience 
and age of operator, and capital position of 
the farms 
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oriented which explains the higher labor Intensity per dollar 
of gross sales of farms in these two soil areas. Total labor 
inputs for all farms can be seen in Table 7.2. 
Underemployment of family labor 
The degree of underemployment Underemployment or 
labor slack Is defined as follows. 
U = LG - (L^  + ML^ ) + 
where: U = underemployment 
Lp = labor endowment including operator and 
family labor 
L = labor use for operation of enterprises in 
° the optimum plan 
L = labor used in construction of new facilities 
° for the optimum plan^ 
m = a 20 percent inflator to account for man­
agement and supervision.^ 
All farm classes experience annual labor underemployment. 
Table 7.3 and Table 7.4 together illustrate the hours of 
underemployment per farm for each farm class and the per­
centage underemployment by farm class. The projected seasonal 
Construction labor was excluded from the measure of 
underemployment because of the lumpy nature of investment 
involved in attaining the kind of target used in this plan. 
2 The inflator is attached to actual labor use rather 
than the labor endowment because labor use more accurately 
represents the size of the whole farm operation. 
Table 7 . 3 .  Seasonal underemployment of family labor per farm expressed in hours 
by farm class in the 198^ low-income plan®-
Farm 
class 
name 
Nov. 
Jan. 
March 
April May June 
July 
Aug. 
Sept. 
Oct. 
Annual 
total 
A114 412 198 125 153 235 9 1132 
A124 453 218 154 268 466 42 158I 
AI25 413 182 158 267 431 37 1488 
A214 634 224 216 189 340 124 1727 
A224 779 309 271 333 611 232 2535 
A225 842 439 201 376 66^  318 2841 
B114 327 315 _ _ _  _ _ _  642 
B124 5 — 170 276 204 — — — 655 
BI25 — — — •— — — 134 l46 — — — M M 280 
B214 — " — — — ~ 223 347 50  ^M» — 620 
B224 491 206 384 274 41 1376 
B215 70 — — " 164 262 85 — — — 8^1 
B225 220 70 183 284 176 933 
C124 170 179 235 278 16 878 
C2l4 353 •— — — 249 258 320 279 1459 
0224 499 225 346 489 297 18^ 6 
C215 573 — — — 270 286 445 358 1932 
^-Underemployment is the unused family labor available for operation, management, 
and supervision of the farm. See the subsection entitled "Interpretation of under­
employment" for a further description. 
Table 7.4. Seasonal underemployment of family labor per farm by farm class in the 
1984 low-income plan, expressed as a percentage of the labor endowment^ 
Farm 
class 
name 
Nov. 
Jan. 
March 
April May June 
July 
Aug. 
Sept. 
Oct. 
Annual 
total 
A114 46.8 41.0 43.6 58.4 48.7 1.8 39.3 
A124 41.6 36.3 44.8 63.2 46.5 6.5 40.6 
AI23 37.8 30.3 45.9 63.0 54.6 5.7 • 38.2 
A214 72.0 46.4 78.8 72.1 70.4 24.8 59.9 
A224 71.5 51.4 78.8 78.5 77.3 35.8 65.1 
A225 77.2 73.0 58.4 98.7 84.2 49.1 72.9 
B114 5.3 56.9 17.2 
B124 .8 49.6 65.7 37.8 22.8 
BI25 — — — — — — 46.5 51.2 — — — — — — 14.2 
B214 — — •— — — — 48.3 75.8 10.8 — — — 19.8 
B224 64.4 — — — 53.1 90.4 68.5 4.8 48.9 
B215 12.7 — — — 50.5 79.4 27.5 — — — 27.1 
B225 41.9 25.5 56.3 81.1 52.5 — 43.1 
C124 14.9 45.3 54.0 34.8 2 . 3  21.1 
C214 39.2 — — —• 74.3 77.0 55.2 48.1 43.2 
C224 48.1 — — — 58.1 79.2 66.0 43.0 47.2 
C213 36.7 — — — 77.6 82.2 68.5 58.7 54.1 
Underemployment is the unused family labor available for operation, management, 
and supervision of the farm. See the subsection entitled "Interpretation of under­
employment" for a further description. 
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underemployment ranges from 78.8 percent to 1.8 percent of 
labor endowment among A type farms. Labor endowments of 
both B and C type farms are fully employed in the March-
April season. Heavy livestock activity for most B farms 
limits underemployment to the May-June season. Average annual 
underemployment ranges from 38 percent to 73 percent for soil 
group A farms, l4 percent to 4-9 percent for soil B farms, and 
21 percent to 5^ percent for G farms. 
Interpretation of underemployment One can interpret 
underemployment or labor slack three ways. The first is that 
labor slack is a measure of disguised labor potential that 
could be used to exceed the chosen income goal. Secondly the 
underemployed labor can be interpreted as a pool of casual 
labor available for off-farm employment such as public works 
or other agricultural employment.^ 
The third interpretation—submitted as being most 
logical—is based on the family composition of the labor en­
dowment. The slack could be part of the 'family' component. 
Shorter work days and work weeks, holiday periods, organized 
farm women's leisure, extra-farm activities, and youth 
orientation to urban employment are present trends. Under­
employment by this interpretation is available time to pursue 
^Labor used for construction on the farm was excluded in 
calculating underemployment. Therefore part of the under­
employed labor could be used for such work. 
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activities represented by these trends. This concept of the 
underemployment is consistent with seasonal demand peaks, 
leisure goals, and farm income goal logic. 
Migration 
A sign of agricultural structural adjustment is migration 
of farm families to nonfarm residence and employment. The 
time schedule for migration in the plan is not predicted. The 
assumptions used to project farm numbers imply that all re­
tirement class and small size farms of 1964 will have dis­
appeared by the mid 1970's. The estimation of net out-
migration between 1964 and 1984 is 1,055; 1,243; and 2,517 
families for the A, B, and C soil areas, respectively.^ Most 
migrants will be non-productive due to age and lack of train­
ing. Recipient communities are expected to be the small rural 
towns.^ 
The rate of entry is predicted at 1,092 families to soil 
group A farms, 1,273 to soil group B farms, and 1,474 
Table 4.2 contains the 1964 and 1984 estimates of farm 
numbers according to farm class. The number of small farms 
(median size = 6o crop acres) and retirement class farms in 
1964 was estimated to be 2,l47; 2,516; and 3,991 for soil 
areas A, B, and C, respectively. 
p 
The implications for the future existence of the rural 
towns concern the life expectancy of the migrants, their con­
sumption habits, income levels, and their political and social 
mores. Certain important impacts on medical service needs, 
education facilities, tax revenue, amusement facilities, and 
the retail market structure will result from the continued 
migration of retiring farmers. 
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to soil group C farms.^ This rate could be exceeded if 
farmers migrate from other than small or retirement farms. 
Hired labor requirements 
The projected demand for hired farm labor in the 1984 
plan is confined to the B and C soil groups. More than 26 
2 percent of a hired man-year per farm is required for two 
farm classes. In no case is more than one hired man-year 
required. Therefore, the character of farm demand for 
hired labor is seasonal. The southern two tiers of count­
ies require an estimated 78 men for the November through 
February period. This number is based on a requirement of 
58,066 hours for 120 days at 8 hours a day with 26 days 
holiday. In the March-April period the man requirement is 
2,276 men. The harvest period requires 335 men. 
In all the labor hiring months it is assumed, due to 
low Individual farm requirements, that the same man will 
work several farms in any period. Under the plan the in­
stallation of a permanent hired laborer on any farm is not 
envisaged except possibly in the case of Bll4 and B2l4, 
in which case any payment for more than 1,^00 hours would 
be an economic waste or a luxury. A plan could be con-
^These rates for 20 years are calculated as the dif­
ference between the number of small and retirement farms in 
1964 and net migration by 1984. 
One man year equals 2,296 hours. 
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structed to use a full hired man, subject to certain cost 
or profit constraints. In some cases such a plan might "be 
meaningful from an Individual farmer's point of view. 
Long Term Capital^ 
Output/capital ratios 
Output/capital ratios for the farms are calculated 
2 from the measures of gross sales and capital net worth. 
Farms with the most productive land and most mechanization 
have the lowest output/capital ratios (Table 7.2 and Figure 
7.2). Output/capital ratios for the C soil areas range from 
^5 percent to 85 percent higher than those for comparable 
farm classes in the A soil areas. The predominance of the 
value of land in the net worth of the farms and the higher 
ratios for C land Indicate that the most productive alloca­
tion of scarce capital is in the C type soil areas, given 
the range of income goals used in the plan. 
Crop storage 
Qn-farm storage Increased yields and number of acres 
In row crops mean a considerable increase In on-farm grain 
^Long term capital in this section Includes value of 
land. 
2 Capital net worth for each farm Is calculated in the 
simulator by a series of equations which Include depreciation 
adjustments and acquisition of new capital stock. The largest 
single component of net worth Is the value of land holdings. 
Net worth refers to the market worth of the capital stock, 
not the farmer's equity. 
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Figure 7.2. Distribution of output/capital and capital/ 
labor ratios of the farm classes for the 1984 
low-income plan according to soil groups and 
capital positions of the farms 
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storage facilities. As detailed in each farm plan the in­
crease should provide steady growth in the crop storage serv­
ice industry in terms of replacement and new construction of 
granaries on farms. 
The increase in demand for silo capacity was predicted 
by subtracting from the increase in production the proportion 
of over-capacity in 1964 based on actual storage. The in­
crease in production of silages was estimated to be 63O per­
cent,^ with respect to 1964. If there was twice as much 
capacity as storage in 1964, the predicted increase in demand 
for silos is 530 percent. 
Off-farm storage Off-farm grain and oilseed storage, 
such as commercial elevators and sideline storage by feed 
dealers, should increase. Storage facilities, if exactly 
adequate in 1964, would provide for only 43.8 percent of 
the 1984 demand in terms of crop sales. The amount of off-
farm commercial storage space could increase approximately 
.25 to 1.25 times with respect to 1964 sales of feed grains 
Acres used for silages (corn and forage sorghum) 
amounted to 17,210 in 1964. The 1984 plan forecasts 76,890 
acres, or an increase of 3^7 percent over 1964. Considering 
an average 63.5 percent increase in corn silage yield, 1984 
production is 730 percent (1.635 x 447) of 1967 production. 
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in TENCO.^ The growth in demand for off-farm storage is 
thus seen to be much lower than for short-run on-farm storing 
facilities and certainly not commensurate with growth of 
grain production. 
Farm machinery 
The value of machinery investment on farms in 1984 is 
p 
projected at |93,288,600. The average investment per farm 
on soil group A is $12,04^.^ This investment is 95 percent 
higher than the $6,172 value estimated per farm for soil 
Storage capacity is assumed to be a function of sales 
of feed grains and beans. This conclusion must be qualified 
for four reasons. First, small grains were not included in 
the 1964 estimate of storage capacity. Second, the simple 
estimation of storage capacity ignores the fact that much 
of 1964 corn sales, as reported in the Preliminary Agricul­
tural Census (69) could have been farm-to-farm transfers, 
thus bypassing off-farm storage. Third, there is no infor­
mation about corn and soybean movements with respect to 
direct farm exports from the region, again bypassing regional 
commercial storage. Fourth, 1964 farm sales of grains might 
not have used available storage to capacity, thereby under­
estimating storage facilities. All four considerations 
taken together reduce the ability to predict demand for new 
storage facilities. The required rate of increase could be 
between 25 percent and 125 percent. 
2 The value of investment on a farm is the estimated 
market value taking into account the age and initial value 
of the machinery. The projection is obtained from the simu­
lator for each farm class. 
^The average is calculated for soil group A farms by 
dividing the sum of products of farm class investment in 
machinery per farm and the number of farms per farm class 
by the total number of soil group A farms. 
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group C farms, reflecting better mechanization possibilities 
on the relatively contiguous field patterns found in soil A 
areas. 
Short Term Capital 
Introduction 
Short term capital inputs include most of the variable 
annual inputs to agriculture. These inputs are fuels, lubri­
cants, pesticides, fungicides, insecticides, fertilizers, seed, 
and feed supplements. Fertilizer inputs are calculated accord­
ing to soil group, farm class, and major crop type and de­
scribed below. The other inputs are grouped with variable 
costs in the objective functions of the linear programs. 
Fertilizer inputs 
The linear program and simulator calculate the cropping 
pattern used in the 1984 optimum regional plan. From this 
pattern the fertilizer inputs are calculated for the region. 
Table 7.5 displays the information according to crop acre­
ages of four crops. The total respective chemical inputs 
are 33j422 tons of elemental nitrogen, 19,583 tons of 
elemental phosphorous, and 34^472 tons of elemental potas­
sium. These levels represent respectively, $6,683,000, 
$7,778,000, and $3,854,000 in sales for local distributors.^ 
^1964 prices of the chemicals were nitrogen, $0.0925 
(applied), phosphorous, $0.1986, and potassium $0=0550. 
These prices were averages obtained from local fertilizer 
distributors. 
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Comparison with 1964 information is not possible for lack of 
data. 
The breakdown of fertilizer inputs by crops shows that 
72.8 percent of all nitrogen inputs is applied to corn for 
grain at the high level of fertilization, and l4.6 percent 
under the medium level of fertilization.^ Corn silage 
receives the rest of the nitrogen. Corn on C land receives 
28.4 percent or 9,970 tons of all nitrogen inputs to corn. 
Corn production on group C soils accounts for 22.2 percent of 
regional corn production. Fertilizer response ratios are 
calculated by dividing the percentage of total production on 
soil group C by the percentage of all nitrogen inputs allocated 
i to soil group C. The productivity ratio for this soil group 
is 0.775. Response ratios for soil groups A and B are 1.395 
2 
and 1.020. There is decreasing average response to nitrogen 
between soil groups A, B, and C respectively at the recommend­
ed input rates. 
The distribution of phosphorous inputs by major crops is 
40.8 percent to corn, 39«0 percent to soybeans, and I6.O 
percent to improved pasture. The distribution of phosphorous 
input by soil types is 40.4, 35.5, and 24.1 percent for soil 
^See the taxonomic description of the linear program 
in Chapter III. 
p 
Not being marginal productivities, these ratios cannot 
be used for decision-making purposes; they simply describe 
average relative productivities of elemental nitrogen without 
causal connotations. The three ratios are unaffected by the 
assumptions about the distribution of farms. 
Table 7.5. Fertilizer Inputs in millions of pounds of elemental nitrogen, 
phosphorous, and potassium for the region under the 1984 low-income 
plan according to crop species and soil groups 
Nitrogen Phosphorous 
Crop species Soil A Soil B Soil C Total Soil A Soil B Soil C Total 
Corn (MP)& 2.534 7.240 9.774 .844 1.672 2.516 
Corn (HP)3 14.022 14.697 19.940 48.659 4.051 4.246 5.184 13.481 
Soybeans (MP) .437 1.214 .853 2.504 
Soybeans (HP) 
— — — 
— — 9.102 3.688 12.790 
Silages (MP) .191 _ _ _  .191 .038 .038 
Silages (HP) .782 2.538 4.906 8.226 .143 .943 .491 1.577 
Pasture (HP) 
— — — — — — 1.196 2.126 2.938 6.260 
Total 17.529 24.475 24.846 66.850 15.811 13.889 9.466 39.166 
(All crops) 
means medium fertilization levels. 
^HP means high fertilization levels. 
Table 7.5' (Continued) 
Potassium 
Crop species Soil A Soil B Soil C Total 
Corn (MF)^ 
Corn (HF)b 
.844 
7.790 
2.230 
6.532 7.976 
3.074 
22.298 
Soybeans (MF) 
Soybeans (HF) 18.204 
3.644 
7.377 — — — 
3.644 
25.581 
Silages (MF) 
Silages (HF) 
.038 
.340 .920 
1 CO 
1 0-
1 
•
 
1—1 .038 3.044 
Pasture (HF) 1.840 4.905 4.520 11.265 
Total 29.056 25.608 14.280 68.944 
(All crops) 
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A, B, and C, respectively. 
Potassium inputs are concentrated in row crop production. 
Corn and soybeans account for 79.2 percent of regional ele­
mental potassium inputs. 
Improved pastures and their maintenance require a total 
fertilizer input of |l,873,000, composed of 3,130 tons of 
elemental phosphorous and 5)632 tons of elemental potassium. 
The high level of fertilizer input is applied to all pastures 
in the 1984 plan. 
Farm Credit 
The 1984 plan calls for 66.45 and 31.97 million dollars 
of medium-term and long-term credit.^ These high figures 
represent 20 years of adjustment in one year which is due to 
the type of target used. Long-term credit requirements are 
low, relative to medium-term credit, because no land buying 
occurs in the plan. The redistribution of farms and consoli­
dation, as independently projected, require substantial long-
term funds spread over the period 1964 to 1984. It is not 
possible to predict this demand for long-term credit. 
The structure of credit for the 1984 plan Includes 
loan/assessment ratios approaching one for all credit needs 
^Recommendations for the sources of this credit are 
made in Chapter XII. The sources are the same ones that 
existed in 1964. However, lending policies should be 
changed to encourage a wider distribution of credit and 
larger loans. 
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except land. Assessment/market value ratios must also 
approach one so that money may be effectively available for 
investment in productive capital. 
Summary 
Land use in the 1984 low-income plan shifted from 
meadow to corn and soybeans. All land suitable for improved 
pasture was forced into use by the plan. The greatest gains 
from distribution of land among farm classes were estimated 
for the growing commercial farms with a satisfactory capital 
borrowing position. The number of these farms was projected 
to increase at the expense of the number of small retirement 
farms. The projected decline in the number of farms occurred 
only because of the redistribution of farms in favor of those 
with larger landholdings. 
The highest output/labor ratios were for those farms 
with a satisfactory borrowing position, for beginning 
farmers, and for farms on soil group A. The lowest output/ 
capital ratios reflected the higher market value of land in 
the case of soil group A. The highest output/capital ratios 
occurred for soil C farms indicating that beginning farmers 
with limited capital resources and the income goals used in 
this plan should locate in the soil C areas. 
Seasonal underemployment of family labor varied widely 
among the farm classes. The highest rates were in the plans 
for soil group A farms. These farms had the lowest live-
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stock intensity of all farms in the regional plan. The 
greatest amount of seasonal underemployment for all farms 
was in June. 
The time schedule for migration from farms to nonfarm 
residence and occupation was not forecast by the plan. All 
farm families of the small and retirement farm classes were 
projected to have left their farms by 1984. 
On-farm storage for grains and silages was estimated 
to increase with crop production. However, off-farm 
commercial storage was not estimated to increase to the 
same extent because all corn was retained on farms for live­
stock feed. 
The average response of corn production to nitrogen 
was almost twice as high for soil A areas compared to C 
areas. Phosphorous inputs were divided primarily between 
corn and soybeans. Four-fifths of potassium inputs were 
devoted to the row crops. The high level of fertilization 
for improved pasture was a consistent practice in the plan 
with more than 8,000 tons of elemental potassium and 
phosphorous being applied. 
The structure of credit for the 1984 plan included 
loan/assessment ratios approaching one for all credit needs 
except land. Redistribution of farm land and consolidation 
should require substantial long-term funds over the period 
1964 to 1984. 
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CHAPTER VIII. 1984 REGIONAL PLAN: MACROECONOMIC 
RESULTS FOR THE LOW-INCOME GOAL 
Introduction 
Gross sectoral product, wealth,^ disposable income, and 
contributions to public revenue are useful measures of econ­
omic power in a region. Political power is in part derived 
from economic power. For many years agriculture has exercised 
strong political power through vote numbers and material 
wealth. However, the number of votes are now few and the 
relative wealth of agriculture is declining. Even more than 
in previous years therefore, agricultural producers should 
exercise unified sectoral power, especially at the local 
political level, if they are to have influence on policy 
decisions. 
Intersectoral comparisons of gross sectoral product, 
personal disposable income, wealth, and tax contributions 
contribute to producers' awareness of relative economic 
power. Intertemporal comparisons of the same four variables 
contribute to an awareness of economic progress. Estimates 
for gross sectoral product, personal disposable income, 
wealth, and tax contributions are described in this chapter. 
Comparisons of the 1984 plan with the base year are made 
where 1964 information is available. 
^For purposes of this study wealth is considered to be 
synonymous with the net worth of productive assets in the 
sector. 
112 
Gross Regional Agricultural Product^ 
Gross regional agricultural product (GBAP) is the value of 
goods and services sold by farms in a region. GBAP for TENCO 
is the aggregation of all income goals for the farm classes, 
augmented "by the variable costs of operating the region's 
farms. GEAP is the same as gross sales, according to the 
Census (69) concept of gross sales. 
The estimate of TENCO GEAP in 1964 is $139,408,000 (69) 
compared to $419,716,000 in the 1984 low-income plan.^ If the 
plan is fulfilled, there will be a threefold increase in sales 
of agricultural products in constant price terms over the 
twenty-year period. 
The major farm enterprises contributing to GBAP are beef, 
swine, and soybeans. Swine accounted for 32.? percent of the 
GEAP in 1964 and 48.8 percent in the 1984 plan (Table 8.1). 
In 1964 beef production accounted for 29.1 percent of GEAP and 
soybeans 11.0 percent. In 1984, the beef share of GEAP is 
down 7.0 percent to 22.1 percent. Soybeans become relatively 
more important in the 1984 plan at 23.3 percent of the pro­
jected GBAP. Sheep become slightly more important in 1984 
than in 1964, with their share of GEAP growing from 3-6 per­
cent to 5.8 percent. 
^See Table 9.4 for a summary of relevant macroeconomic 
results. 
^Constant 1964 dollars. 
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Table 8.1. Distribution in percentage terms of the contribu­
tion of major types of farm enterprises to gross 
regional agricultural product for TENCO by soil 
groups for the low-income plan in 1984 
Soil A Soil B Soil C TENCO TENCO 
Enterprise type 1984 1984 1984 1984 1964 
Beef 14. 1 24. 1 31. 6 22, .1 29. 1 
Sheep 3. 4 18. 1 5 ' .8 3. 6 
Swine 49. 3 49. 7 46. 7 48. 8 32. 7a 
Livestock Total^ 63. 4 77. ,2 96. 4 76. 7 65 • 4 
Corn^ _ _ — . 10. 4 
Soybeans 36. 6 22. 8 3. 6 23. 3 11. 0 
Other — - - - - 8. 2 
Grand Total : OG. 0 100. 0 100. 0 100. 0 100. 0 
^Assumes 1.373 million swine (69) marketed in 1964 at 225 
pounds per animal and $17.10 per cwt. 
^Total includes corn because all corn is fed to livestock 
in the 1984 low-income plan. Therefore, the share of corn in 
GRAP is Included in the livestock share. The share of corn 
expressed as a percent of GRAP and evaluated at a market price 
of $1,796 per cwt, is I9.2 percent, 19.5 percent, l6.4 percent, 
and 18.6 percent, respectively, for the first four columns of 
this table. 
^Corn includes only off-farm sales. 
Net Farm Profits and Rates of Return 
GRAP in the plan consists of $179 >567»000 profit^ 
$130,870,000 variable costs, and $109,279,000 fixed costs to 
^The residual claimant is operator and family labor, 
supervision,co-ordination, risk taking, and capital. 
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the farms." The ratio of the GEAP to cost of variable inputs 
not including family labor is $3.21; each dollar of variable 
inputs yields 13.21 of product when variable inputs are mini­
mized. The ratio of GEAP to all costs is $1.75, with constant 
returns assumed. One dollar of all costs, both fixed and 
variable, yields $0.75 profit. 
Net worth of TEWCO assets in agriculture is estimated by 
the simulator and the aggregation formula.^ The value at 1964 
prices of all capital assets including inventories and cash in 
the TENCO agriculture sector is 1.238 billion dollars. This 
figure does not include family wealth not involved in the 
business of operating farms nor assets in the agriservice in­
dustry. The rate of net profit for all farms averages l4.5 
percent, based on the net worth of all assets. 
The opportunity cost concept of the theory of the firm is 
a useful earnings-comparison base. Residual profit to labor 
and management is an average $8,174 for each of 9»854 farms 
in the region after charging 8 percent opportunity cost for 
farm assets. This profit compares favorably with the $3,000 
"proverty line" used to define unsatisfactory income for aver­
age sized families. 
^The nature of the target in the model poses some limita­
tions on accuracy of fixed cost calculation because investment 
is lumped and debt financing ignores the 20 years of debt 
repayment. 
^See page 56, Chapter VI. 
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Regional Trade 
Grains and oil seeds 
TENCO is completely self-sufficient in grains according 
to the 198^ low-income goal plan. The only cash crop is soy­
beans, of which 28,698,400 cwt. are sold to unspecified buyers. 
Soybeans could be exported from the region to earn $98,550,000 
at the assumed average price of $3,434 per cwt.^ This produc­
tion could be a basis for establishing a mill in TENCO to 
extract soybean oil and produce allied soybean products. With 
new uses already discovered for soybean products and new prod­
ucts being developed, there is good prospect for this addition­
al agri-industry. Import of soybeans from neighboring counties 
could supply additional volume for a large-scale operation if 
necessary. 
Beef 
Breeding stock should be imported not only to increase 
numbers of cows, but to allow improvement of production quali­
ties of the animals. Emphasis is on the ability of cows to 
drop and wean large calves. The average planned annual increase 
in the number of cows over the period is 13,318 animals which 
p 
if all imported to the region represent $2,530,420. 
^Price at Chicago for November to January averaged over 
ten years 1955 to 1964 (Table D.4). 
^The price of a cow is assumed to be $190 (Table D.4). 
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Much slaughtering of TENCO-produced-beef in 1^64 was out­
side the ten county area, usually in neighboring counties. 
The growth in livestock numbers to 1984 under the low-income 
plan provides a strong argument for TENCO based packing plants 
exporting dressed beef. 
Sheep 
Sheep enterprises in 1984 produce breeding stock for ex­
port. Potential exports are limited by the growth rate of the 
region's ewe flocks. Each unit of sheep production is an 
animal complement, having a flock maintenance provision built 
in. Retention of part of the production of bred ewes is re­
quired to provide the predicted growth in the number of flocks 
until 1984. A straight line interpolation gives an average 
28,155 ewe net Increase per year over 20 years as a require­
ment to meet the 1984 low-income goal level of sheep produc­
tion. When replacement rates are taken into account, the 
number of ewes retained for maintenance, improvement, and 
growth of the regional flock is, for example, 84,746 animals 
or 44.9 percent of the ewe lambs in 196? (the third year of 
the planning period).^ The value of ewe lamb exports at $26 
per head in the 1984 low-income plan is $8,958,000. 
^The number retained for flock maintenance, growth, and 
improvement is expressed as follows; 
R = B + (A + B (X-D) * C 
where: R is the number of bred ewes retained 
B is the annual average growth of the regional flock 
to attain the 1984 production 
A is the 1964 population of ewes 
X is the year; that is, 1 through 20 
C is the replacement rate 
Thus in I967, the fourth year of the plan, the number of ewes 
retained is; 28.155 + (l4l.9 + 28.155 (4-1)) * 25 = 84.746. 
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The proposed sheep enterprises produce male feeders, which 
are sold. There are no feeder-buying farms in the plan; there­
fore, the young ram lambs constitute an export. The number of 
lambs exported is 621,302 and is calculated by multiplying the 
number of ewes in the 1984 low-income plan by the net lambing 
rate, 1.62, and the proportion of ram lambs, 0.^44. The value 
of this export to the region is $7,461,800 at assumed prices. 
Wool has a value of $8,065,000. Total regional exports of 
sheep products are $24,485,000. 
Swine 
Hogs are exported, except for a relatively small domestic 
regional consumption. The steady growth of the hog producing 
industry from an output of approximately one million hogs in 
1964 to 5 J361,100 hogs in the 1984 low-income plan, should en­
courage residentiary packers. Port, bacon, and hams, rather 
than live animals, are expected to be the export. A signifi­
cant export of weanling pigs is also included in the plan. The 
number of pigs is 955,600. The export of weanling pigs con­
sidering an average price of $12.50 a pig is worth $11,945,000 
to the region. 
Balance of agricultural trade 
Inputs such as fertilizers, machinery, pesticides, petro­
leum products, and seed are imports for the 1984 plan. Truck 
transportation services in the region should, on balance, be 
an exported service. 
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The balance of regional agricultural trade is $273>57^j000 
based on the accounting procedure^ displayed in Table 8.2. 
This balance represents the potential importance of agricul­
ture as an export base for TENCO. 
Fiscal Results 
The quality of government services is a function of the 
prosperity of the population. When a large block of farm 
families in poverty is made productive enough to earn taxable 
Incomes, as this plan attempts to do, government resources are 
increased through added revenue and reduced welfare expenditures. 
Net property tax revenue from real and personal property 
using the 1964 rates and assessment ratios is $2^,862,000. 
This revenue is available for financing regional school, road, 
welfare, and other services which are the responsibility of 
local government. 
The regional agricultural contribution to state revenue 
is estimated to be $2,341,000 from state personal income tax 
p 
and $2,478,000 from sales taxes. This revenue is appropriated 
The accounting procedure is crude. To account for re­
gional domestic consumption, the 1984 population of TENCO is 
assumed to decline by one percent per year from I96O to 1984. 
The assumed 1984 population is 135,000 (5). Value added by 
processing soybeans and livestock within TENCO is not consid­
ered here. 
2 Sales taxes are based on the assumption that the average 
propensity to consume from personal disposable income is 92 
percent, and that 50 percent of consumption is taxable at a 
three percent rate. 
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Table 8.2. Balance of trade in millions of 1964 dollars for 
the agricultural sector of TENCO in the 1984 low-
income plan 
Trade item Volume 
Exports 
Soybeans 
Swineb 
BeefC 
Sheep^ 
Total exports 
a 
98.550 
201.758 
89.163 
24.485 
413.956 
^'Soybeans are valued at market prices (Table D.3 ). No 
processing is assumed prior to export. 
^Per capita consumption of pork is projected using 
y = 64.2 - .25 t where t = 28. The 1984 projection is 57*2 
pounds per capita valued at $17.50 per cwt. The value of 
pork production in TENCO in the 1984 plan is $205,347,000. 
This value includes market hogs ($1128.73 * 170,000 units) 
and weanling pigs ($276.72 % 56,981 units). 
°Per capita consumption of beef is projected linearly 
using y = 76.3 + 2.565 t where t = 28. The 1984 projection 
is 149.1 pounds per capita valued at $23.00 per cwt. The 
value of beef production in the 1984 plan is $93,793,000. 
^No domestic regional consumption of sheep products is 
assumed. 
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Table 8.2. (Continued) 
Trade item Volume 
Imports 
Beef cows® 2,530 
f New machinery 9.329 
Fertilizers® 18.315 
Other inputs^ 112.555 
Total imports 142.729 
Balance^ 271.22? 
®Assume the average annual increase of 13,318 cows is 
imported. 
The value of new machinery inputs is assumed to be 10 
percent of total machinery assets according to the deprecia­
tion rate on farm machinery for equity purposes. See subsec­
tion on farm machinery inputs in Chapter VII. 
®See Table 7.5. 
^Other inputs include all fuels, lubricants, ration 
supplements, pesticides, and seed. The value of variable in­
puts for TENCO is calculated from the values of the objective 
functions for the farm classes. No adjustment is made for 
local veterinarian and transportation inputs. 
^Balance does not include food imports by the region. 
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to meet costs of state services. Federal personal income tax 
revenue from the agricultural producers in TENCO is projected 
to be $42,098,000 in the 1984 plan based on 1964 income tax 
rates and regulations. 
Total tax revenues, excluding sales taxes for all levels 
of government, are $69»301,000 in the 1984 plan. The revenue 
is a measure of the ability of the agricultural sector in 
TENCO to contribute to the support of democratically elected 
services for the region, the state, and the nation. 
Summary 
Gross sectoral product, wealth, disposable income, and 
contributions to public revenue were described as useful mea­
sures of economic and political power. The low income plan 
projected an increase in GEAP of 201 percent from 1964 to 
$419,716,000 in 1964. Swine accounted for 48.8 percent, soy­
beans, 23.3 percent, and beef 22.1 percent. 
The ratio of net farm income to variable and fixed costs 
was $1.75. The rate of profit was l4.5 percent based on 1.238 
billion dollars of capital invested in agriculture. Regional 
trade was export oriented for a projected positive balance of 
$271,227,000. Swine, soybeans, and beef were the main exports. 
Fertilizers and nonfarm variable inputs were main imports. 
The value of exports could be increased and employment created 
if soybeans and swine were processed within the region. 
122 
Total tax revenues excluding sales taxes were $69»301,000 
in the plan. Federal income tax receipts were $42,098,000. 
Local property tax receipts were $24,862,000. The regional 
macroeconomic projections represent considerable potential 
economic impact in the region by the 9>854 family farms of 
the plan. 
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CHAPTER IX. PARAMETRIC PLANNING RESULTS: COMPARISON OF 
EFFECTS OF THREE INCOME GOALS ON THE 1984 
REGIONAL PRODUCTION DEVELOPMENT PLAN 
Introduction 
A regional production development plan was calculated for 
two progressively higher income levels in addition to the low 
income goal. From the three income goals a comparison was 
made of the effects of families' income aspirations on agri­
cultural economic development of the region.^ This chapter 
reports the comparison of these low-, medium-, and high-income 
goal plans. Crop and livestock production, resource use, and 
macroeconomic results of the plans are discussed. 
Livestock Production 
Table 9*1 is a comparison of the three income goal plans 
for beef, swine, and sheep production. The three soil group 
areas and the region as a whole are compared with 1964 produc­
tion levels in columns of the table. Each livestock enter­
prise and the income goal levels are compared as rows of the 
table. Figure 9*1 displays the changes in production recorded 
in Table 9.1. 
Beef cow numbers increase at a diminishing rate from 
470.4 to 490.1 to 494.4 thousand animals. The number of ewes 
^It is assumed that an individual's choice of an income 
level reflects social, psychological, and economic aspirations. 
Table 9«1* Comparison of the effects of varying the income goal on the level 
of production of various livestock enterprises in the production 
development plan for TENCO in 1984 with the 1964 benchmark 
Enterprise type and Soil A Soil B Soil C TENCO TENCO 
income goal level 1984 1984 1984 1984 1964 
Beef (1000 cows) 203.7 
Low 
Medium 
High 
114.4 
114.5 
114.5 
187.1 
182.3 
180.5 
168.9 
193.3 
199.4 
470.4 
490.1 
494.4 
Swine (1000 sows ) 147.4 
Low 
Medium 
High 
141.6 
167.6 
213.2 
136.6 
160.7 
205.8 
119.0 
150.8 
204.7 
397.2 
499.1 
623.7 
Swine (1000 market hogs) NA 
Low 
Medium 
High 
2232.2 
2642.0 
3360.0 
2145.4 
2531.1 
3250.7 
983.7 
1091.2 
1253.1 
5361.1 
6264.3 
7863.8 
Swine (1000 weaners) NA 
Low 
Medium 
High 
— — — 
6.0 
2.5 
949.6 
1365.9 
2136.7 
955.6 
1368.4 
2136.7 
Sheep (1000 ewes ) 
Low 
Medium 
High 
150.1 
175.6 
184.7 
554.9 
429.5 
397.4 
705.0 
605.1 
582.1 
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Figure 9.1. Livestock on farms according to the effects of 
various income goals on production development 
plans for TENCO 1984 and 1964 as a benchmark 
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declines at a diminishing rate from 705-0 to 605.I to 582.1 
thousand animals as the income goals increase. Relative 
changes in the numbers of ewes and beef cows are offsetting 
because all pasture is forced into the linear programs. The 
average rate of substitution of ewes for beef cows on pasture 
is 5-20. That is to say, 5.2 units of sheep enterprise are 
approximately equivalent to one unit of beef cow/calf enter­
prise.^ The rate of change in ewe numbers is approximately 
five times the rate of change in cow numbers as income goals 
change. 
Hog production increases exponentially within the range 
of this income goal analysis. Increasing emphasis is directed 
to weanling or feeder pig production on Soil C farms. Between 
the medium- and high-income goal levels, output of feeder pigs 
in TENCO increases by 56.1 percent. Market hog production 
increases by 25-5 percent. Because of the open nature of the 
TENCO economy there is no required balance within the region 
between feeder pig production and hog feeding operations. 
Therefore, feeder pigs become an increasingly important export 
commodity for the region. 
The highest livestock revenue to cost ratios in the plan, 
at given prices, are those for market hog production. As 
^The average rate of substitution is the ratio of AUD of 
pasture consumed in activity 169 (beef cow/calf) to the number 
of AUD of pasture consumed in activity 1^5 (special ewe 
breeding). 
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management intensifies to meet the higher income goals, market 
hog production increases for all soil groups and consequently 
for TENCO as a whole. 
Crop Production 
Comparison of the income goal effects on crop production 
is shora. in Table 9.2 and Figure 9.2. The income goal effect 
on corn is derived from the hog production changes plus a side 
effect from beef and sheep. Therefore, the sum of the rates 
of change in livestock intensity is approximately equal to the 
rate of change in corn production as income goals increase. 
All corn is fed to livestock at all income goal levels. The 
production of corn with the high-income goal is 3'^.5 percent 
higher than with the low-income goal. 
Soybeans are a residual crop in the sense that after 
enough corn has been grown to meet livestock feed requirements, 
the balance of tillable land is used for soybean production. 
In the. absence of corn requirements all land would go to soy­
beans as a cash crop. 
Production of silage including corn and forage sorghum, 
declines at a diminishing rate as the Income level moves from 
low to high. The decline is due to the reduction in the 
number of silage-using animal units. The decline in sheep 
numbers more than offsets the rise in beef cattle activity 
with respect to silage consumption. 
Table 9.2. Comparison of the effects of varying the income goal on crop produc­
tion in the production development plan for TENCO in 1984 with the 
1964 benchmark 
Soil A Soil B Soil C TENCO TENCO 
1984 1984 1984 1984 1964 
Corn (Mil. cwt.) 21.076 
Low 
Medium 
High 
17.295 
19.222 
24.241 
16.764 
19.271 
22.062 
9.711 
10.835 
12.563 
43.770 
49.328 
58.865 
Soybeans (Mil. cwt.) 4.463 
Low 
Medium 
High 
17.300 
16.360 
14 .721 
10.272 
9.388 
7.742 
1.126 
.854 
.398 
28.698 
25.927 
22.862 
Silage (Mil. cwt. TDN) NA^ 
Low 
Medium 
High 
.921 
.927 
.921 
1.870 . 
1.899 
1.917 
2.936 
2.742 
2.698 
5.727 
5.568 
5.536 
^NA means not available. 
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Figure 9«2. Regional crop production according to the 
effects of various income goals on produc­
tion development plans for TENCO 1984 as 
a benchmark 
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Resource Use 
The number of acres devoted to corn in all soil group 
areas Increases as the income goals increase (Table 9.3). The 
largest increase in acreage is between the medium-income goal 
and the high-income goal from 39*6 percent to 48.6 percent of 
the region's tillable area. The proportion of tillable area in 
soybeans declines from 61.6 to ^6.6 to 47.8 percent for the 
three income goal levels in ascending order. Corn and forage 
sorghum silage maintain a constant share of tillable area at 
3.7 percent for all income goal levels. The number of farms 
and size of farms is constant for all income goal levels due 
to their independent projection.^ 
Underemployment for the soil A group farms is reduced by 
increasing income goals. Underemployment ranges from 38.2 to 
72.9 percent in the low-income plan and 25*9 to 6I.8 percent 
in the high-income plan among the six A group farms. Higher 
labor requirements of the high-income goal plan for farm 
classes on soil group B and C result from intensified livestock 
activity. However, underemployment in the B and C soil group 
areas does not materially decline because labor is hired for 
peak labor seasons at all income levels. 
Output/labor ratios indicate constant returns to size for 
the farm classes in TENCO over the range of the income goals. 
^Refer to the section "Land Use", Chapter VIIj for 
reasons why farm sizes do not increase. 
Table 9.3. Comparison of the effects of varying the income goal on the distri­
bution of cropland use by major crops in the 1984 production 
development plans for TEMCO and in 1964 as a benchmark 
Major crop and Soil A Soil B Soil C TEWCO TENCO 
income goal level 1984 1984 1984 1984 1964 
(Percent) 
Corn 27.1 
Low 24.3 34.9 60.6 34.5 
Medium r28.3 40.3 67.6 39.6 
High 35.7 50.4 78.3 48.6 
Soybeans l4.5 
Low 74.6 62.2 25.9 61.6 
Medium 70.5 56.7 19.7 56.6 
High 63.4 46.6 9.2 47.8 
Silage 0.9 
Low 1.1 2.9 13.5 3.9 
Medium 1.1 2.9 12.6 3.7 
High 1.1 2.9 12.4 3.7 
Total 300.0 300.0 300.0 300.0 42.5) 
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The output/labor ratios for the low-, médium-, and high-
income goals are $18.10, $18.24, and $18.00 respectively.^ 
Output/capital ratios increase from the low- to the 
medium- and high-income goals. The aggregate regional output/ 
capital ratios are 0.3391» 0.3602, and 0.4034 for each goal 
respectively, indicating increasing returns to size of capi-
2 tal input. The constant returns to size of labor input and 
increasing returns to capital together show that the high 
income level could be further increased from a profit maxi­
mizing point of view. 
Credit needs for the region increase as livestock inten­
sity increases to meet higher income goals. Demand for money 
qualifying for intermediate term credit is $66,450,000 in the 
low-income plan, and $68,131,000 in the high-income plan for 
1984. Long-term credit demand increases from $31,969,000 to 
$43,271,000 in the two plans.^ 
4 Tax Revenue, Income, and Wealth 
Real property taxes and state income taxes remain nearly 
constant as the income goals change from 288.8 to 338.0 
^Calculated for the region by aggregating farm class gross 
sales and labor inputs. These ratios are thus weighted by the 
relative importances of the farm classes in the region. 
^Calculated from GRAP and net worth of the region's 
assets in agriculture according to the plans for the three 
income goals. 
^Large credit needs in all 1984 income plans are due to 
the static nature of the model. 
^See Table $.4. 
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Table 9.4. Miscellaneous statistics for the regional agri­
cultural sector according to various income goal 
plans for TENCO, 1984 
Income goal levels 
Item Units Low Medium High 
GEAP^ $ Mil. 419.716 450.496 497.426 
Income goal $ Mil. 288.460 312.977 347.576 
Wet profit $ Mil. 179.567 196.238 224.199 
Aggregate labor input Mil.Hrs. 23.183 24.704 27.639 
Gross output/labor 
ratio $ 18.10 18.24 18.00 
Net worth $ Mil. 1237.690 1250.530 1232.920 
Gross output/capital 
ratio $ 0.339 0.360 0.403 
Property tax $ Mil. 24.862 25.004 25.175 
State income tax $ Mil. 2.341 2.347 2.354 
Federal income tax $ Mil. 42.098 49.440 64.762 
3 year loans $ Mil. 66.450 67.833 68.131 
30 year loans $ Mil. 31.969 35.870 43.271 
^Gross regional agricultural product. 
million dollars. Figure 9»3 is a comparison of tax payments 
by TENCO farmers to local, state, and federal governments. 
State income tax payments increase slightly from $2,341,000 
to $2,354,000 due to increases in income of the lowest farm 
income groups.^ The 1964 system of state income taxation 
^Calculated using 1964 state income tax regulations. 
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Figure 9.3. The effect of varying the income goal on the 
fiscal results of agricultural production 
development plans for TENCO 1984 
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imposed a $9,000 ceiling on taxable income. Even the lowest 
income goal level put most farm operators near this ceiling. 
Taxable agricultural property value increased only slightly by 
12.84 million dollars from 1237.69 to 1250.53 million dollars 
at the medium-income goal level. The net worth figure was 
slightly lower at 1232.92 million dollars for the high-income 
goal level. 
Federal income tax revenue, collected according to a pro­
gressive rate scale, rises exponentially with net profit and 
the income goal. Net profit after taxes rises from $179s5^7,000 
to $194,303,000 to $224,199J000 according to income goal level 
(Figure 9'4). The two rates of growth are 8.2 percent and 
15.4 percent with respect to the low and medium levels. The 
rates of increase in tax revenue are 16.I percent and 32.6 
percent. In absolute terms the growth of federal revenue is 
$6,759J000 between the low- and medium-income goal levels, 
compared to a growth of $14,724,000 in net profit between the 
two goals. The marginal revenue is thus $0.459 per dollar of 
net income after all taxes over this range. The marginal 
rate is $0.535 over the range between the medium- and high-
income goal levels. 
Summary 
Three feasible income goals spanning a range of possible 
desires of farm families in TENCO produced consistent changes 
in the regional production plans. Beef cow numbers increased 
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Figure 9.4. Gross regional agricultural product (GRAP), 
income goal and net farm profit for TENCO 
in 1984 according to three income goal levels 
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steadily and the intensity of sheep operations declined for 
higher income goals. Swine enterprises were the major source 
of income for meeting higher income goals. Weanling pig 
enterprises increased for soil C farm classes while market 
hogs were the source of increased income for the other farm 
classes. Corn production increased in direct proportion to 
increases in livestock numbers. Soybeans were a residual crop, 
with declining acreage as income goals and the demand for corn 
increased. 
The income goal plans were within ranges of constant or 
increasing returns to size of labor and capital inputs. The 
aggregate output/labor ratios calculated for each goal were 
statistically constant. Underemployment of family labor de­
clined as income goals increased. Output/capital ratios in­
creased with the income goals indicating increasing returns 
to size as measured by capital stock. 
Fiscal aspects of the plans indicated that federal reve­
nues would be greatly enhanced by increasing the income goal. 
The marginal rate of federal revenue increased over the range 
of income goals. State income and local property taxes were 
not affected by increased income goals. 
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CHAPTER X. SUMMARY AND IMPLICATIONS 
Review of Method 
The ten-county region in southeast Iowa called TENCO had 
an extremely heterogeneous pattern of agricultural production 
in 196^. Both the highest and lowest corn yields in Iowa 
were in TENCO. Farm organization ranged from active large-
sized units to small stagnant operations providing insuffi­
cient farm family incomes. The organization of farms included 
the range from intensive hog operations combined with cash 
grain enterprises to extensive grassland and beef cow enter­
prises. However, the fact that approximately two-thirds of 
all farm operations were marginal in all respects made TENCO 
a problem region for both the farmers involved and the rest 
of the population supported by an economy traditionally based 
on agriculture. 
The principal objective of this study was to provide 
future direction for farm organization and adjustment; and to 
explicitly illustrate how to reduce and eventually eliminate 
the low-incomes of farm families. A plan for development of 
agricultural production was made with projections to 1984. 
The plan was based on the Tinbergen design for economic 
policy, and included a projection of agricultural technology 
and farm organization to 1984. 
Two planning models were designed. The first model, 
based on control theory, used recursive dynamic linear 
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programing to project a structure for agricultural production 
in each year between 1964 and 1984. The criterion function 
for this model minimized variable production costs subject to 
prespecified technology and farm family income goals. From 
this general model, a second model, also based on the logic of 
control theory, was designed specifically for TENCO. 
The second model used parametric linear programing to 
make a static projection of the structure of agricultural 
production in TENCO in 1984. The optimizing criterion was to 
minimize variable costs of regional agricultural production 
subject to projected technology and farm family income goals 
for 1984. This model was called the income goal approach to 
development. 
Seventeen synthetic farms were designed to represent the 
types of farm classes expected in TENCO in 1984. Technology 
of agricultural production was projected to 1984. The number 
of economic activities for each farm was 258, involving approx­
imately 5ljOOO non-zero coefficients for all the farms. To 
encompass a range of income aspirations for farm families, 
three income goals were used for each farm. The optimum farm 
organizations for each income level were aggregated to provide 
three projections of gross regional agricultural product, net 
farm income, government revenues, agricultural export base, 
production of agricultural products, and demand for resources 
in agriculture. 
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Results and Their Implications 
Attainability of the income Roals 
The 1984 income goals for all farm classes in TENCO were 
attainable. The high-income goals for 1984 ranged from 
$13,292 to $45,700 according to farm classes. The average 
low-income goal was $29,313 per farm family for 1984. All 
the income goals were higher than 1964 poverty levels in 
terms of 1964 dollars. The plans, therefore, illustrated 
that with the given resource structure in TENCO, elimination 
of unsatisfactory low incomes could be feasible by 1984. 
Intensification of farm organization 
Development programing results indicated that intensifi­
cation of farm businesses in TENCO was the least cost method 
to obtain required Income goals. In 1964 less than half of 
the available tillable land in TENCO was being row cropped. 
All land suitable for row cropping was used as such in the 
1984 plans. 
Intensification means less land transfers which require 
time. Therefore, less time should be needed to achieve a 
specified level of income through intensification. Intensi­
fication means that the family characteristics of resource 
ownership in 1964 can be successfully maintained as desired 
growth in output and net income takes place. The possibility 
of preservation of family ownership is perhaps one of the 
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most important conclusions from the point of view of agricul­
tural producers in TENCO. This conclusion should promote 
acceptability of this development approach in TENCO. 
Agricultural technology in 1984 
The adoption of labor-saving methods of production was 
the most consistent trend to 1984. The only operation for 
which labor requirements were not expected to decline was 
maintenance of pastures, which has been traditionally neglect­
ed. Mechanization should continue to the point of combining 
all land preparation and seeding into one operation. Insecti­
cides and herbicides should effectively control all known 
weed, fungus, and animate pests. Fertilizer applications 
should increase until crop yields are only limited by moisture 
supplies. Protein supplements to animal feeds should exclude 
traditional oilseed sources by 1984. High lysine corn and 
urea compounds should replace soybean oil meal in hog and beef 
rations. In short, the past trend of increasing productivity 
in agriculture should continue unreduced to 1984. 
Resource limitations 
No farm expansion in terms of land was required to attain 
the specified income goals. All resources in the linear pro­
grams could be acquired through borrowing capital funds even 
for farms with as low as 30 percent equity of long-term assets. 
Therefore, there should not be a capital constraint on future 
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TENCO agriculture, given the present trend in debt financing. 
In the face of a desire to increase net farm income and given 
a planned income growth path, only personal psychological 
factors of the producer/decision-maker should limit borrowing 
power. 
Labor underemployment 
All farm situations showed seasonal labor underemployment 
in inverse proportion to livestock intensity. Average annual 
underemployment of family labor was 39«7 percent in the low-
income regional plan. This slack was interpreted as the 
'family' component used to pursue leisure activities. 
Grain/livestock economy in 1984 
A change from cash/grain to a grain/livestock economy was 
foreseen by the plans for 1984. Oilseeds should become the 
major cash crop in TENCO. Soybean production should increase 
more than six times the 1964 production under the low-income 
plan. This increase was less under higher Income plans. 
There should be good opportunities for establishment of indus­
try in TENCO based on industrial and commercial soybean prod­
ucts. Silage production under the low-income plan was 7.30 
times the 1964 output. Silo facilities would have to be ex­
panded approximately 6.8 times. Corn production under a con­
tinuous cropping program increased monotonically from 1964 to 
the high-income goal for 1984. All corn was used as livestock 
feed. Regional corn acreage Increased from 540,000 to 965,000 
1^3 
acres under the highest income plan for 1984. Yield was esti­
mated to be as high as 1^5 bushels per acre on Mahaska Taintor 
soils in 1984. 
Market hogs and weanling pigs were the most Important 
complement to corn production. Intensification in swine 
enterprises should be the major source of additional revenue 
as income goals expand. Cattle feedlot enterprises were not 
a part of the regional plans. 
Grassland development 
Pasture improvement was a consistent part of the plans 
for all pastureland in TEWCO. Beef cow/calf operations were 
the most important users of this pasture. Sheep were impor­
tant for those farm classes having large endowments of land 
suitable only for pasture. The improvement of farm family 
incomes In those counties with a high proportion of land only 
suitable as pasture should depend on development of a grass­
land agriculture with roughage-consuming livestock. 
Returns to size 
Farm plans for the region showed increasing returns to 
size of capital Inputs over the three income goals. Returns 
to labor were constant as the income goals Increased. The 
implications were that the returns to size for the land re­
sources used are not maxima. No conclusions were possible 
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about balances among levels of land, labor, and capital inputs 
for income goals beyond those levels used in this study. 
Fiscal aspects 
Federal government revenue benefited most from increased 
agricultural income in TENCO. State and local government 
revenues were not based on a progressive rate system and did 
not increase significantly in any of the plans. If projected 
higher net farm incomes were capitalized into real property 
values, local property tax receipts could increase as local 
incomes increase. 
Emphasis on intensified agriculture indicated that real 
property taxes should not be a potential Instrument for in­
creasing production. However elimination of personal property 
tax on farm machinery and livestock could be a psychological 
incentive to intensification. Specific effects of fiscal 
regulations on production decisions were masked because taxes 
were accounted for in the income goals. 
Relevance of the income goal approach to development 
The type of development planning employed here was appli­
cable to a predominantly agricultural region with economic 
adjustment problems. The kinds of solutions presented for 
farm planning were relevant to farmers as an immediate begin­
ning to an acceptably rapid pace of regional economic 
upgrading. 
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The emphasis of the income goal approach was on producer 
initiative, and the competitive free enterprise system. The 
only guide to production expansion was an income goal which 
was either 'normal' in terms of growth or designed to accel­
erate producers' output faster than it might otherwise grow. 
No government monies in forms of cost sharing, direct subsi­
dies, deficiency payments, or subsidized credit were required 
in any of the farm plans. The income goal approach illus­
trated how a family-based production organization could have 
the potential ability to attain the high-income goals which 
should be a part of the future for TENCO. 
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CHAPTER XI. IMPLEMENTATION OF A 1984 REGIONAL DEVELOPMENT 
PLAN FOR TENCO AGRICULTURE 
Introduction 
Implementation of a development plan for agricultural 
production in TENCO must be compatible with the existing re­
gional organization. Since I962 when the first TENCO organi­
zational meeting took place, a structural basis has existed 
to help people in local communities identify, understand, and 
resolve problems of their own human and economic resource 
development. The implementation procedure described below is 
one of a number of possible procedures. It was chosen because 
of its expected effectiveness and people-based approach. 
Economic development may only proceed through the actions 
of the mass of people in the region. Decisions and programs 
imposed by agencies outside the region have a low potential 
for success. Implementation of this development plan for 
agriculture relates to the farm families and their satisfac­
tions. The implementation also relates to rural nonfarm 
communities and the ancillary services of education, health, 
transportation, retailing, religion, and entertainment. 
The implementation procedure is enumerated as follows, 
beginning in the year the development plan is accepted. 
1. A democratically elected or appointed steering com­
mittee and a specialized agriculture committee select and 
approve a development plan. 
14? 
2. A planning board of unpaid members is conceived under 
the chairmanship of a paid professional regional planner. 
3. A staff of professional and competitively paid com­
munications, counselling, and agricultural specialists, and 
planners is acquired. 
4. All farm families are contacted by every means possi­
ble to inform them of attainable income levels and encourage 
contact with planning personnel. 
5. Individual farm resource endowments are assessed and 
combined with available technology in the region to provide a 
first approximation of particular farm organizations accord­
ing to income aspirations. 
6. Individual farmers are encouraged to make continued 
use of the programing and advisory service, for a fee, at 
every major decision-making time for the farm. 
Leadership Structure 
To give direction and coordination to regional economic 
development, requires effective leadership from various groups 
in the region. In the case of TENGO agriculture the groups 
are agricultural producers, community leaders, and contracted 
resource people. The structure of leadership for implementing 
the proposed plan for TENCO's agrisector is described in 
Figure 11.1. 
Figure 11.1 illustrates the circular process of leader­
ship; final action begins and ends with individuals. 
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Commiinity leaders should provide their leadership through the 
agriculture committee and planning board. Resource personnel 
exert leadership through the two groups coordinated by the 
planning board. Finally, agricultural producers take the 
initiative to carry out the plan which in turn affects all 
rural people in TENCO. 
Existing Basis for Implementation 
Each of the ten counties is represented by a member on 
each of two development coordinating committees. These com­
mittees are a steering committee and an agriculture committee.^ 
The latter committee is the springboard for any development 
plan for TENCO agriculture. The function of this committee 
in a development plan is that of policy-maker. A democratic 
basis for this committee may be a prerequisite to the neces­
sary political authority and acceptance of its decisions. 
Planning Board 
Required personnel 
A planning board should be a sub-committee of the agri­
culture committee. The chairman should be a paid professional 
with experience in regional development processes and 
^Other committees concerned with the development of 
TENCO are the Education Committee, the Industrial Committee, 
and the Recreational Committee. Representation on these 
committees is not evenly distributed over the ten counties. 
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administration. The planning board might consist of three 
voluntary rotating members from the agriculture committee. A 
paid supporting clerical and part-time legal staff should be 
part of the planning board. 
Functions of the planning board 
There are two broad functions of the planning board. The 
first function should be the presentation of information on 
major policy alternatives to the agriculture committee. The 
second function of the board is to carry on the implementation 
of the details of an adopted development plan. The chairman 
is expected to expedite action. 
Responsibilities of the planning board 
The board's responsibilities would cover encouragement 
of farm families in the attainment of Income goals; advice to 
the agri-service sector concerning credit, locatlonal prob­
lems, demand for non-reproducible capital inputs such as 
fertilizers and feed mixing services; and.coordination of 
marketing and storage facilities. The board would represent 
interests of agriculture in matters of education policy, 
transportation and communication development, community 
development, and state legislation. The board would "serve 
one master"—the agricultural community. As a result, there 
should be no basic conflicts of interest. 
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Information, Counselling, and Stimulation 
Required personnel 
The success of the development planning approach outlined 
in previous chapters depends on the awareness by farm families 
of attainable income levels and a desire to attain higher 
income levels. Two basic types of personnel required to 
create awareness and desire are professional counsellors and 
a professional advertising specialist, A supporting staff of 
local làison personnel and clerical staff is required. 
Information, counselling, and stimulation function 
The role of counselling and stimulation is to encourage 
all agricultural producers to respond to the income growth 
potential for each particular case. Wo communications media 
should be excluded from possible use. Market information and 
general technological news service should be part of the 
function of general information. Community development and 
a social action type process^ are parts of counselling and 
stimulation. 
Recognizing the existence of both differential needs and 
differential response potential, certain priorities for stim­
ulation can be identified. The first is the low-income group 
^Social action refers to provoking existing community 
organizations into active involvement in development. The 
process is to interest people to the point of personally 
acting to improve their economic and social position. 
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of young farmers less than 35 years old. These farmers are 
most in need of improvement and stimulation and are probably 
most responsive. The next priority group is the low-income 
group in the next age class. These priorities require special 
emphasis but not to the exclusion of other producers. The 
philosophy is that commercial yet low-income farms must re­
ceive the first chance of planning aid. Furthermore, there 
is greater marginal potential benefit in terms of economic 
well-being for the low-income producer, even without assuming 
diminishing marginal utility of money. 
Farm Planning and Programing 
Required personnel 
The team executing the technical aspects of the produc­
tion development plan is composed of three types of personnel: 
agricultural technicians, economist/farm planners, and com­
puter programers. The team members are stationed within 
TENCO. The agricultural technicians should be professional 
men from the fields of plant science, animal science, and 
agricultural engineering. The agronomists should include 
both a row crop and forage specialist. Three animal scien­
tists including a beef, swine, and sheep specialist^ should be 
part of the team. The computer programers should be able to 
^The increasingly scientific nature of their fields in 
application must be emphasized. By 1984 the 1964 concept of 
'specialist' in an extension context will be inadequate. 
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adopt new programing algorithms and design the computer output 
to the changing needs of the farm planning process in TENCO. 
Data processing staff would also be required. 
Farm planning and programing function 
The farm management economists have three roles. The 
first role is that of coordinating the efforts of the agricul­
tural specialists with respect to data requirements for up­
dating technological matrices, special input/output modifi­
cations for particular farm situations, and specialized on-
farm interpretive and operational counselling. This 
coordinating function also concerns the computer programers 
and data processing. The second role is overall management 
counsellor and interpreter of farm operators' resource posi­
tions, income aspirations, and management ability. Tenure 
and credit counselling are part of this role. The third role 
involves estimation and projection of economic indicators. 
Current regional development indicators such as GRAP, labor 
mobility, and rate of adoption of planning services by farmers 
require continual estimation. Regional agricultural produc­
tion, resource use patterns, demand for agriservices, and 
attendant policy implications must be projected into the rele­
vant future for planning purposes. 
154 
Stages of farm, planning; 
Stage one The first stage involves the agricultural 
producers who are encouraged "by the stimulation group to 
voluntarily make contact with the programing staff. When con­
tact is made one of the seventeen farm classes is identified 
as being most like the farmer's own situation.^ A set of re­
source constraints—equity position, crop sequence, crop and 
livestock inventories, labor supply, and contract arrangements 
corresponding to the farmer in question—is used with the 
appropriate technological matrix and current prices to provide 
a preliminary plan of action. This plan is a farm-specific 
version of one of the 17 plans arising from the programing 
reported in this work. At the same time the farmer begins 
to keep a selective record of his farm operation. If the 
initial first stage plan was not made in November, the sub-
2 
sequent November is the beginning of regular planning. Of 
course, the plans only contribute decision-making bases, not 
the decisions. 
Stage two The second stage involves recalculating the 
plan just prior to spring seeding. Recent price information, 
expectations, and any changes in constraining factors since 
the autumn are included. The simulator forecasts wealth 
^The seventeen farm classes are those used in Model II. 
O 
The fiscal year for farm planning begins November 1 in 
the development approach outlined in previous chapters. 
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accretion, tax payments, and profitability measurements. 
Being separable, it will also calculate with precision the end 
of the year taxes and asset accumulation. 
.Stage three The third planning stage is assessment of 
potential decisions at times other than the main planning 
periods in November and at seeding time in the spring. The 
two linear programing and simulator solutions per fiscal year 
could be extended to three or more solutions, taking account 
of updated price information, and major impending decisions 
such as acquisition of more land or cattle. Furthermore, re­
peated refinements of the linear program and simulator could 
provide additional decision-making aid. It must be recognized 
that the present simulator is very crude and can be improved 
greatly according to the desired nature of the post optimality 
analysis. 
Refinements 
A refinement at low marginal cost would be price para­
metric programing and parametric programing with respect to 
special variable resource considerations on the part of the 
farm operator. The simulator may also be adjusted to provide 
a post-optimum analysis and a detailed income tax analysis to 
facilitate the filing process. The emphasis is on speed of 
action. Continuing refinement is necessary to reduce the 
amount of time between retrieval of farmer's data and provi­
sion of an optimum solution. The programing group should have 
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farms ordered so that results are available within hours. 
This rapid availability of results will encourage farmers to 
participate in the plan and foster enthusiasm. 
Financing the Development Plan 
Funding 
The basic premise for funding the plan is that agricul­
tural development of a region should be initially supported 
by public revenue. The basis for public financing of this 
plan is the fact that increasing agricultural production means 
increasing public revenue at all levels of government. Imple­
mentation of a development plan to attain 1984 targets means 
budgeting public funds in the year the plan is adopted. At 
this stage it is not expected that increases in agricultural 
production would be large enough to finance development costs. 
Nominal fees paid by producers in their first year of partici­
pation would be an insignificant contribution to costs of 
development. 
In the first two years of the plan the cost could be 
divided three ways. The TEWCO area could publicly sponsor 
one-half of the cost from property taxes, the state perhaps 
one-eighth, and the federal government three-eighths. As time 
progresses and funds accumulate from producer assessments, the 
cost sharing could approach the proportion of tax contribution 
by the agrlsector to the various levels of government except 
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the federal government. This concept of sharing the cost 
means that after five or six years the local governments in 
TENCO and agricultural producer's contributions would suffice 
to cover costs. 
An alternative financing strategy would involve support 
from government revenues based on progressive rate structures. 
Federal income tax and state income tax revenues^ would be 
used to finance the development costs. For a discussion of 
the economic logic of this strategy see Note 1 in Appendix E. 
Fee structure 
There must be a fee attached to the farm planning service 
even though there should be public sponsorship. For each year 
the participation fee should follow some standard schedule 
according to crop and livestock production, profit, acreage, 
and other considerations. In the first year of a producer's 
involvement with the plan the maximum fee for all producers 
might be one percent of the family living expenditure goal or 
net farm profit in each case. 
Budget considerations 
Consider a hypothetical budget of costs for implementing 
the plan. Suppose 60 percent of the farmers in the region pay 
State income taxes were not progressive in 1964 for the 
income levels projected for 1984. The tax rates will probably 
be more progressive as 1984 approaches. 
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Table 11.1. Hypothetical budget for implementing the 1984 
low-income plan for TENCO 
Computer rental $ 200,000 
Data processing 300,000 
Clerical services 100,000 
Supplies, travel and telephone 100,000 
Building, rent and utilities 53,000 
Counselling liason staff (18) @ $6,000 108,000 
Professional staff (12) @ $18,000 324,000 
$1,077,000 
consulting fees of one percent of net farm profit (Table 9.4). 
The available funds for operating the planning board, informa­
tion services, and management services would be $1,077»402, 
$1,177,438, and *1,34^,194 for the low-, medium-, and high-
income goals, respectively. The low-income goal fees would 
support a budget similar to that contained in Table 11.1. 
By 1984 the planning and information services should be 
wholly owned and operated by the producers themselves. 
Summary 
Procedure to implement the plan was based on the 1964 
committee structure of the TENCO organization. A planning 
board chaired by a paid professional regional planner provided 
policy alternatives to a .popularly elected agriculture com­
mittee and executed the decisions of the same committee. A 
staff of competitively paid specialists in communications 
counselling, agriculture and planning, stationed in TENCO were 
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responsible to the planning board. Their function was to 
stimulate interest in obtaining higher incomes among farm 
families and then show them ways to improve their farm organ­
izations to meet their income goals. A second function was 
to provide rational production projections and other relevant 
forward planning information to the planning board. 
After a farmer had been sufficiently motivated to contact 
the regional farm planning personnel, there were three plan­
ning stages. First, the farmer's resources were assessed and 
combined with one of the 17 matrices of coefficients corre-
spondaading to the farm classes. A preliminary farm reorgan­
ization plan was prepared. The farmer began to keep records. 
Second, prior to the next crop seeding, the farm plan was re­
vised using recent price expectations, and any relevant 
knowledge about tite farmer's management ability. The third 
stage was a revision of the farm plan prior to any major de­
cision to acquire further resources. 
The development plan should be financed initially from 
public revenues. At the same time, a fee should be charged 
farmers using planning services. A sample budget was pre­
sented at the end of the chapter to illustrate possible use of 
a one percent levy on net farm income. 
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CHAPTER XII. POLICY FOE TENCO AGRICULTURE 
Philosophy and Targets Reviewed 
Targets reviewed 
Policy recommendations are conditioned by the objectives 
set for the region. The objectives of a development plan for 
TENCO are reviewed for reference; (a) Elimination of poverty 
from the agricultural production sector in TENCO (this goal 
is expressed in terms of net farm incomes); (b) Description of 
the organization of agricultural production that should exist 
when income goals have been achieved;^ (c) Smooth efficient 
adjustment of both human and non-human resources to the new 
agricultural organization no longer characterized by low in­
comes; (d) Definition of a framework within which study and 
research of human and economic resource adjustment can con­
tinue; (e) Relevance of economic goals and development plans 
to the people who must respond and act to bring about their 
own economic development (these people are agricultural pro­
ducers and their families, TENCO policy-makers, and state 
level policy-makers). 
Although minimum time is the criterion that should be 
used to calculate the terminal date for completion of the 
targets, the arbitrary twenty-year period ending in 1984 was 
chosen. 
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TENCO develoment philosophy 
The basic philosophy of the leaders and people of the 
region influences attainment of the goals. TENCO philosophy 
contains the following ideas; (a) TENCO is a self-help 
project; (b) It involves local leadership and initiative; 
(c) The philosophy emphasizes concern for problems of low-
income; (d) Local initiative should be supported by technical 
and analytical services of outside agencies such as the State 
and Iowa State University; (e) The philosophy stresses the 
capacity of local people to deal with their problems through 
use of both public and private resources. 
Policy Recommendations 
The following policy recommendations are consistent with 
the targets and the precedent expression of TENCO development 
philosophy. The recommendations are conditioned by the re­
striction of detailed study at this time to planning processes 
and the nature of farm organization in TENCO. The recommenda­
tions are normative and are suggested with recognition that 
institutional rigidities and political implications could 
limit application of the recommendations. 
Recommendations for farm and market organization, fiscal 
reform and implementation of a development plan can be expli­
citly supported by planning logic and empirical projections 
of development to 1984. Policy recommendations for the agri-
service industry, ancillary community services, and government 
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organization can only be implied from the results of the 
development plans. Recommendations concerning ancillary 
services and rural nonfarm community organization are explain­
ed in Note 11 and Note 12 of Appendix E. The recommendations 
for farm organization, market organization, fiscal reform, and 
implementation of a plan are outlined in the rest of this 
chapter. 
Implementation of a development plan 
1. Equal county representation on the existing agriculture 
committee should be retained with each of the ten members 
being democratically elected. 
2. A planning board made up of three members of the agricul­
ture committee should be established. These members 
should be elected by the committee for two-year rotating 
periods of service. A fourth member of the board should 
be hired as non-voting chairman.^ 
3. The planning board should Implement a development plan in 
the manner suggested in Chapter XI. 
Farm organization 
The finding of this study is that farms of 150 and 260 
tillable acres are large enough to permit attainment of at 
least the high-income goal. 
^See Appendix E, Note 2. 
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4. Encourage the intensification of farm enterprises.^ 
5. Facilitate the release of land held in farm units of less 
than 125 acres of tillable area to permit enlargement and 
consolidation to the farm sizes suggested in the 1984 low-
income plan. This land is held mainly by retirement 
2 farmers, absentee owners, and part-time owners. 
6. Encourage adjustment of land values to levels that reflect 
productive capacity of the soil. 
7. Encourage young beginning farmers, including immigrants 
to TENCO and farmers' sons, to establish themselves on 
farms of at least 150 tillable acres. 
8. Provide legal counselling to people who might consider 
releasing their land for consolidation into economic farm 
units and to all farmers participating in the development 
planning process. 
9. Lobby for elimination of personal property taxes on live­
stock, machinery, and other productive assets. Personal 
3 property taxes discourage intensification of land use. 
^See Appendix E, Note 3. 
^See Appendix E, Note 4. 
^See Appendix E, Note 5» 
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Resource adjustment 
10. Coordinated full-line agricultural credit^ should be pro­
vided on the basis of competitive market rates of inter­
est and on the basis of recommendations by the farm 
2 
management and planning team. 
11. Effort should be directed to achieving a distribution of 
credit services according to need among farm enterprises, 
3 
among farmers, and among farming communities.^ 
12. Action should be taken to ensure that effective loan/ 
assessment ratios for all types of non-consumer credit 
4 approach one to one levels. 
Considering overline and liquidity problems of small rural 
bank financing the three following recommendations are made: 
13. The TENCO agricultural committee should press for lower 
reserve ratios. 
14. Banks should be encouraged to rapidly develop correspon­
dence with larger urban banks. 
15. Banks should be encouraged to increase demand deposits 
and time deposits so as to increase their lending base.^ 
^See Appendix E, Note 6. 
2 The nature of the faicm management and planning team's 
functions are described on page 153. 
^See Appendix E, Note 7. 
ij. 
See Appendix E, Note 8. 
Rural banks have a tendency to maintain lower interest 
rates on deposits, especially when competitive savings and 
loan associations are not located in the same community. 
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Both underemployment of labor and labor deficits exist season­
ally in TENCO. Therefore, the following recommendation is 
made. 
16. A farmer-overload labor clearing bureau should be estab­
lished to foster mobility of part-time farm, rural non-
farm, and urban labor to meet seasonal labor peak require­
ments in both the farm and nonfarm sectors. 
Agriservices 
17. Develop a marketing organization for the regional export 
of feeder pigs, feeder lambs, and bred ewes. 
18. Establish a marketing service to research export markets 
for TENCO agricultural products; provide market informa­
tion to farmers and processors of agricultural products; 
provide information about transportation services, 
schedules, and rates; and promote TENCO products.^ 
19. Encourage the modernization of fertilizer distribution, 
pesticide services, livestock feed distribution, fuel and 
lubricant distribution, and machinery servicing by pro­
moting radio control systems, bulk-handling facilities, 
2 
and management short courses. 
^See Appendix E, Note 9* 
^See Appendix E, Note 10. 
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Further research 
In addition to the research implications arising from the 
proposed responsibilities of a planning board, the following 
research policy is suggested. 
20. A study of market structure for TENCO agricultural prod­
ucts should be conducted with a view to developing effec­
tive markets and pricing systems. This research would 
involve location of livestock buying centers, methods to 
avoid market collusion and irregularities, and increasing 
the overall bargaining power of TENCO agricultural 
producers. 
21. Community structural change should be monitored, including 
population shifts, age distributions, changes in commun­
ity skill inventories, religious denominational shifts, 
industrial activity, retailing, locational spending 
habits, and the influence of agricultural economic change 
in surrounding communities. 
The recommendations outlined should be subjected to 
feasibility study. The study would discover sources and 
strength of opposition to each recommendation. 
In view of recent trends toward county and municipal 
planning, this development approach to agricultural problems 
in TENCO should be feasible. If the TENCO leadership should 
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decide to go ahead with a development plan similar to this one, 
the recommendations should provide a useful focus on the work 
to be done. 
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APPENDIX A. DESCRIPTION OF TECHNICAL 
DATA GENERATION 
Crop Enterprises (Activities 1-134) 
Crop sequence and rotations 
There were no crop rotations, in the traditional sense, 
included in this study. All data was on an annual basis for 
each crop activity. The array of crops included corn, soy­
beans , meadow, corn silage, forage sorghum, and fall estab­
lishment of meadow and pasture. To permit a liberal array of 
crop sequences, a cropping mechanism in the form of 21 simul­
taneous inequations was constructed. Distinction among 
activities was based on yield and fertilizer recommendations 
of the Agronomy Department at Iowa State University, according 
to an activity's relative position in the cropping sequence. 
The following is an example of the way the cropping 
mechanism works. There were 21 inequalities of the following 
form: 
2^ 2^9 - ^64 
where; is second year corn at the medium fertilization 
rate, following legume meadow 
XpQ is second year corn at the high fertilization 
rate, following legume meadow 
is an account of the number of acres in first 
year corn following legume meadow in the previous 
crop season. 
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The total acreage of second year corn in the optimum 
solution may not exceed the acreage in first year corn the 
year before. In this example either Xg or Xgo a combina­
tion of the two is possible in the optimum crop pattern. 
Labor requirements 
Data sources and general considerations The sources 
of the labor data were the USDA regional studies over the 
period i960 to and the agricultural machinery engineering 
2 
staff at Iowa State University. Annual labor requirements in 
1964 for the basic crops^ were adjusted slightly to conform to 
the various field operations assumed. The labor for non-basic 
crop enterprises such as forage sorghum, corn silage, and fall 
establishment of meadow was derived by comparison to the basic 
crops for 1964. 
A schedule for timeliness of operations for each crop 
enterprise was constructed from Krenz (38) and Sharpies' NC54 
work. Each of the field operations was described with the 
calendar dates on which the operations were to be carried out. 
J. Sharpies, USDA collaborator, Department of Economics, 
Iowa State University, Ames, Iowa. USDA NC54 regional data. 
Private communication. 1964 and I965. 
^L. Van Fossen, D. Hull, and ¥. Buckele, Professors, 
Department of Agricultural Engineering, Iowa State University, 
Ames, Iowa. Times required to complete field operations 
according to size of machinery. Private communication. 
ca. 1964. 
^Basic crops are corn, soybeans, oats, and meadow. 
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Labor requirements for each operation were specified. Six 
labor periods of the fiscal farming year were defined as 
November through February, March-April, May, June, July-August, 
and September-October. The basis for these periods was non-
substitutability among periods for execution of timely opera­
tions. Prom this point of view, the periods defined above were 
too large. However, linear program size constraints limited 
their number to six. 
The labor use by any crop enterprise is affected by the 
land area of the farm and by the size of the machine comple­
ment on the farm. The labor use coefficients were specified 
in conjunction with a description of the machinery used in 
each operation. Remarks about the labor and machinery require­
ments for each group of cropping activities follow. 
Labor requirements for row crops Corn was one of the 
basic crops. Plowing was split 50 percent in spring and 50 
percent in the autumn, with all other land preparation in the 
spring. The labor requirements per acre declined, the larger 
the farm and the greater the machinery capacity. Technology 
for 60 crop-acre farms, as reflected by labor use, will not 
improve by 1984. An annual total of 6.l6 hours of labor per 
acre was required in 1964. For the 150 and 260 crop-acre farms 
an increase in labor efficiency over time was due to a com­
bination of more powerful tractors and tandemised implements 
performing more operations at once. In 1984 plowing should 
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have been eliminated. Discing, harrowing, planting, fertiliza­
tion, and application of herbicide and insecticide should be 
accomplished in one operation. Combining should reduce har­
vesting time from I.9I hours per acre to 1.72 hours, despite 
increased yields. Soybean enterprises were assumed to develop 
in a similar manner to corn. 
The same progressive corn cultivation techniques except 
for harvesting were expected to be adopted for corn silage and 
forage sorghum. Harvesting labor was based on yields because 
of the bulk aspect of silage. Chopping capacity was antici­
pated to be unlimited, and combines should replace convention­
al choppers by 1976. Hauling and blowing should take about 
66 percent of total harvesting time depending on the distance 
hauled. Personal communication with Van Fossen^ yielded pro­
jections of machinery system capacity and the number of men 
required. Knowledge of projected yields was used to solve the 
following formula for time. 
iji 2 _ Yield x number of men 
Silage handling capacity of machinery per hour 
L. Van Fossen, Associate professor. Department of Agri­
cultural Engineering, Iowa State University, Ames, Iowa. 
Silage making techniques. Private communication, ça. 1965• 
2 Machine capacity means the capacity of a machine comple­
ment composed of chopper, wagons, tractors, and blower. The 
number of men refers to that number required to maintain the 
harvesting process including field chopping, hauling, and silo 
loading. 
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Labor requirements for grassland management Labor re­
quirements for grassland farming were based on times to carry 
out detailed operations in comparable USDA grassland 
systems. Meadow establishment, using oats as a cover crop, 
and meadow maintenance were adjusted by specifying different 
combinations of field operations; for example, three cuttings 
of hay as opposed to two and consideration of yield variation 
among cuts. 
It was assumed that labor inputs per acre should not in­
crease over time and remain fairly constant for the eight 
years until about 1972. Labor per acre should subsequently 
drop, reflecting innovations with faster mowers, mechanical 
hay conditioning, and storage. The important motivation for 
increased labor efficiency should be the jpressure on farmers 
to reduce both the work required for hay-making and the risk 
of weather-caused losses. Meadow and pasture renovation 
techniques should be reduced to one operation by I98O using 
more powerful tractors and faster ambidexterous hitches. Not 
included in these projections due to lack of information was 
anticipated pellet harvesting of hay and new techniques of wet 
storage. 
Fall meadow and pasture establishment was designed to 
save a year of relatively low returns per acre which accompany 
oat/meadow establishment. This method of establishing grass­
land redistributed labor inputs from relatively overloaded 
spring months to the period just preceeding grain harvesting. 
I8l 
The only crop for which rising labor inputs were foreseen 
was pasture maintenance, which in 1964 suffered from deficient 
management. Labor inputs for pasture maintenance should grad­
ually rise and stabilize about 1976 as awareness about the 
marginal returns per acre through pasture renovation and fer­
tilization increases. The labor used for controlled grazing 
was allocated to livestock enterprises. 
Pasture sudan required only soil preparation and planting 
labor. Labor projections to 1984 used the rates of change of 
labor input applied to the corn enterprise. A sample of actual 
labor inputs used for all activities in the linear program may 
be found in Appendix B, Part III, by following the coded 
activities and row numbers one through six and twelve. 
Machinery input costs 
Variable machinery costs were highly correlated with 
labor inputs. These costs were based on Sharpies NC54 work 
and were adjusted to conform (1) to different enterprise defi­
nitions and (2) to four cash periods within the fiscal year. 
These cash periods were quarterly, beginning November one. 
The variable machine costs included fuel, oil, lubrication, 
and repairs for tractors as well as all non-motorized and 
self-propelled equipment. Information about these inputs was 
relatively more available than other data. However, there 
were no empirical projections of the future use of these 
inputs. 
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A mechanical formula was used to project the machine 
costs. The equation was "based on the above projections of 
rates of change in labor inputs. An increase in machine 
operating cost was anticipated.^ Larger sized equipment with 
greater fuel consumption, more attachments, and refinements 
requiring repair was estimated to contribute to a 36 percent 
2 increase in costs between 1964 and 1984. This increase was 
independent of other factors influencing the projection of 
machine costs. It should be noted that this projected cost 
increase did not constitute a departure from the assumption of 
constant pricing of inputs and outputs. A change in the 
character of the input was all that was implied. 
The two factors affecting machine cost per acre were (1) 
progressively less machine hours per acre and (2) higher main­
tenance and operating cost per hour. Both factors were com­
bined in the following formula. This equation attached equal 
weight to each factor. 
= 
Lt * * Zt 
t " Lto 
where: = Machine costs in period t 
L. Van Fossen, D. Hull, and W. Buchele, Professors, 
Department of Agricultural Engineering, Iowa State University, 
Ames, Iowa. Reasons for increased costs were greater design 
complexity, larger equipment, and greater spare parts require­
ments. Private communication, ça. 1965» 
p 
This increase is based on projected average horsepower 
ratings for tractors in 1984,and assumes that costs increase in 
proportion to increasing tractor power. 
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L.{. = Labor input in period t 
= Labor input in 1964 
M.|.Q = Machine cost "base for 1964 
= Operating cost change factor for period t^ 
All machine costs were projected using this formula. 
Machinery use coefficients 
Seven types of machinery complements were defined. They 
were tractor power for tillage, tractor power for harvest, 
tractor power for forage, tillage implements, harvest imple­
ments, forage implements, and forage harvester. The capacity 
of each complement was measured in standard corn acre units 
2 3 (s.c.a.u.) or standard forage acre units (s.f.a.u.)^ depend­
ing on the predominant use of the complement. Each acre of 
corn required one s.c.a.u. All other row crop requirements 
were related to corn through their respective annual labor 
requirements for the three farm sizes considered. All the 
annual labor inputs were divided by that for corn. These 
^The factor is measured as one plus the rate of change; -
i.e. 1.36 for 1984. 
p 
The capacities of machinery complements in s.c.a.u.'s 
was defined as the effective corn acre capacity for the most 
limiting field operation, with a 0.99 probability of comple­
tion within predefined timeliness bounds. Frisby's (1?) work 
on optimum machinery complement size for corn and his concept 
of a most limiting field operation were the basis for calcu­
lating machinery capacity in this manner. 
^The measurement of forage handling machinery capacity in 
s.f.a.u.'s was made according to the same principle as for 
corn. 
184 
standardized coefficients were used for all activities using 
the same machinery complement as corn. In the case of forages, 
the use coefficients were unity for both silage harvesting and 
hay making. 
Yields and fertilizer Inputs 
Estimates for crop yields in 1964 were very controversial 
as were projections to 1984. Preliminary inquiry into crop 
yields was followed by a meeting of crop specialists of the 
agronomy department at Iowa State University. All crop yields 
and fertilizer inputs were concurrently finalized at that 
meeting. Yields and fertilizer inputs were made specific to 
soil association area and year. 
Corn Corn yields in 1984 were expected to average l45 
bushels per acre on soil group A. The major limitation on 
higher corn yields for all soil types was expected to be mois­
ture. Increased tiling should reduce early plant loss result­
ing from late planting and heavy rain. Longer maturing vari­
eties should have increased length and fullness of ears 
because the silking period will be later in the season. This 
later silking will alleviate the effect of critical moisture 
days on kernel development. Recent spacing research (10) has 
shown that 21-inch rows increased moisture use efficiency in 
terms of bushels per inch of water. No broadcasting of seed 
was envisaged, although combines available in 1964 could, with 
minor changes, handle broadcast fields. 
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All fertilizer Inputs were measured in elemental units. 
Nitrogen, phosphorous, and potassium inputs may be somewhat 
conservative with respect to expected yields and past trends. 
For reasons of consistency the 1964 input recommendations were 
"based on unpublished data from the soils laboratory at Iowa 
State University.^ 
Both yields and fertilizer inputs for corn varied accord­
ing to the nature of the preceding year's crop. Yields de­
clined as the year of corn following a legume meadow approached 
four, which was the definition of continuous corn. Fertilizer 
input rates increased as the nonartificial sources of plant 
nutrients were depleted. Table D.5 in Appendix D gives the 
fertilizer inputs per acre by crops and by soils for 1984. 
Silages Corn silage yields were calculated by apply­
ing a 1:5.5 ratio of tons of silage to projected bushel yield 
of corn. Use of a more concentrated silage in terms of total 
digestible nutrients and protein could conceivably occur. 
Fertilizer inputs for corn silage and forage sorghum re­
flected loss of plant material from the field, in addition to 
recommendations for the corn activities. The principal adjust­
ment in corn fertilization rates due to loss of plant material 
was in the rates of application of potassium. Controversy 
existed about this adjustment and its magnitude. 
^Soil Testing Laboratory, Iowa State University, Ames, 
Iowa. Confidential information concerning revisions to 
Agronomy Bulletin 250-A. Private communication, ça. 1964. 
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' I 
Soybeans Soybean yields were expected to increase f0% 
reasons other than fertilizer applications. These factors in­
cluded planting technique, weed control, plant breeding, and 
harvesting techniques. Weed control and spacing were antici­
pated to increase yields by 30 percent from 19^4 levels. 
Genetic improvements should contribute five to eight bushels 
per acre and at the same time increase fertilizer response. 
Yield potential on B soils was limited because of drainage 
problems. The drainage factor contributed to a yield spread 
between group A and B type soils. 
Oats There exist improved varietal possibilities for 
oats in the future. Increased yields will be due to genetic 
improvement and weed control, to which oats respond dispropor­
tionately well. The disease problem will continue to be 
worked on. 
Hay and meadow Potash and potassium inputs will be 
increased on meadows, contributing to genetic yield increases 
of from 15 to 20 percent. There will always be a 5 percent 
and 10 percent reduction in yield after the first and second 
year from which meadow is established. 
Improved pasture Yields for improved pasture were 
measured as tons air dry forage per acre. This measure was 
converted to animal unit days using the following formula. 
AUD = 2000T ^ Y 
AUD = Animal unit days 
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T = Tons air dry matter yield per acre 
Y = Percentage TDN = .509 (44) 
l6 = The number of pounds of TDM per animal unit day. 
Under the high rate of fertilization only, would any arti­
ficial nutrients be applied to improved pasture. The propor­
tion of phosphorous to potassium should change from 10/4 in 
1964 to 13/20 in 1984 as more farmers become aware of the 
Value of potash. The changed ratios reflected the agronomists' 
anticipation of the relative value of potash based on present 
period fertility trials with improved pasture. 
Seeding rates 
Seeding rates for all crops were derived in dollars per 
acre, from private communication of pound rates and costs per 
pound of seed from agronomists at Iowa State University (15) 
and various Iowa seed houses. Costs per pound were in 196,4 
dollars. 
Stand and row spacing were the most important considera­
tions for the grain crops. The germination rate was expected 
to rise steadily for all crops, which will lower the seeding 
rate over time in a ceteris paribus fashion. 
Corn stands of 15,000 plants per acre were assumed for 
1964. This recommended stand will increase to 22,000 in I98O, 
using 21 inch rows. Germination will increase from 80 percent 
to 90 percent. Row spacing for soybeans will narrow from 40 
inches in 1964, to seven inch rows by 1984-. 
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Seeding rates should steadily increase for both forage 
sorghum and sudan grass. Corn for silage purposes should be 
planted to achieve stands of 22,000 plants per acre. This 
projection reflected less emphasis on full maturation of the 
ear when used for silage. 
An alfalfa brome mix was specified for meadow establish­
ment in 1984, despite anticipation of severe viral disease 
problems with alfalfa circa 1975. Pasture will be improved 
with a birdsfoot trefoil and common orchard grass mix planted 
in early September or late August. 
Pesticides 
Herbicide use in 1964 was confined mainly to group A and 
B soils under intensive cropping. Corn planted for three or 
more consecutive years in soil group A on the same area 
received I-I/6 pounds of atrazine per acre in 1964 using band 
application. Soybeans on soil A received one pound of amiben 
banded; on B soils, four pounds of randox in blanket applica­
tion. No herbicide use was considered for pastures in 1964. 
A conjecture about highly selective non-toxic herbicides was 
made for pastures after 1972. Best information did not change 
corn and soybean recommendations. The use of herbicides was 
expected to be broadened to low intensity cropping. 
The insecticide aldrin was in current use in 1964 for 
corn under high intensity cropping. By 1968 diazinon should 
be replacing aldrin, especially with highly intensified land 
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use. Diazinon was also considered 1964 and future technology 
for controlling insect disease problems in alfalfa, given the 
absence of new discovery. 
Projection of pesticide use with respect to chemical 
application or cost was impossible according to Sylwester^ who 
stated that their use will continue to grow so that by I98O; 
"Farmers who don't use them won't be farmers anymore." He 
predicted that soil fumigants will replace the conventional 
herbicides in a program of complete weed control. 
Total Variable costs of production 
Total variable costs included variable machinery cost, 
fertilizer, seed, pesticides, and miscellaneous costs. Custom 
forage chopping, baling, fertilization, or other operations 
were charged according to the I965 Iowa farm work cost guide 
(32). 
The cost of fall establishment of meadow included compen­
sation for sacrificed corn yields. Meadow established in the 
fall was seeded in very early September. Lower yielding 
hybrid corn, requiring a shorter season should be grown, than 
otherwise would be the case. The loss in corn yield was set 
at six percent^ and valued at |l.25 per bushel. A denser 
^E. P. Sylwestor, Extension plant pathologist and botanist, 
Cooperative Extension Service, Iowa State University, Ames, 
Iowa. Projections for pesticide use in 1984. Private commun­
ication. ca. 1965. 
2 W. Oschwald; Associate, Department of Agronomy, Iowa 
State University, Ames, Iowa. Corn yield losses due to early 
harvest. Private communication. ca. 19^4. 
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stand of corn requiring an extra two pounds of seed per acre 
for all soil groups was assumed. The seed was valued at 
$21.42 per cwt. It was anticipated that under actual manage­
ment, acreage that was slated for fall establishment of meadow 
would be used for production of silage as opposed to grain. 
Earlier planting of corn was assumed. It was assumed that 
grain loss equaled silage loss in dollar terms. 
The establishment of meadow and pasture presented cost 
allocation problems. With no returns in the establishment year 
and heavy seed costs in the same year, the actual decision to 
establish grassland would be heavily penalized. For this rea­
son the first year costs of maintenance after establishment 
were included in the objective function for establishment. 
The coefficient matrix was structured to allow use of this 
combination activity. Furthermore, the cost of the seed com­
ponent of the variable costs of establishment was averaged 
over the useful years of meadow and pasture. This averaging 
was done for the objective function, not within the actual 
cash requirements in the establishment year. 
Livestock Enterprises 
Hogs (Activities 135-139) 
Labor inputs Labor inputs were determined for the 
labor periods by breaking down annual requirements. Annual 
estimates of labor inputs were based on information from Irwin 
(33) and Sitterly (57). The annual labor input in 1964 for a 
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two-sow/four-litter market hog system was assumed to "be 74.51 
hours or just less than twice that for a one-sow/two-litter 
system. The difference accounted for some gain in efficiency 
in the winter feeding months. The one-sow/two-litter weaning 
system used less than half as much labor as the two-sow/four-
litter system. This difference reflected an anticipated loss 
in efficiency as farrowings were spread. These labor effi­
ciency levels were based on sow herds of from 18 to 25 sows. 
The labor inputs included adjustments made to take account of 
data originating from superior management situations.^ 
Projection of labor input was linear from 1964 to 198O. 
Blosser, Doster, and Hunnicutt (9) estimated a 38.6 percent 
decline in labor requirements for hogs per unit of output over 
the twenty-year period by citing differences in labor utiliza­
tion by two management levels of Ohio swine producers. It was 
assumed that their so-called low management level would corre­
spond to this model's average management level and that the 
1964 Ohio high management level would be about right for 1984. 
Private communication confirmed this idea and it was used for 
this model. For the special feeder enterprise, an 'ad hoc' 
ten percent gain in labor efficiency from .56 hours per pig in 
1964 was assumed. 
^Average management is assumed for all enterprises in the 
development model. 
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Feeding; rations Rations for each activity and each 
year were calculated using a combination of (1) feed conver­
sion ratios and (2) a distribution of the feed components 
rations. Johnson and Speer (36) and Stevermer through private 
communication^ provided the basis for 1964 rations and pro­
jections to 1984. Sitterly (57) provided the distribution of 
feed components. 
The 1964 ration comprised 70.02 percent corn, 13-6 percent 
forty percent soybean oil meal supplement, .825 percent hay 
and 15.51 percent pasture, all in common total digestible 
nutrient terms. A 4.50 feed conversion ratio (gross wastage) 
was assumed. This ration included the breeding herd and did 
not apply to the special low-capital hog feeding enterprise. 
The gross feed conversion ratio was reduced to 3.40 for 
1984. The quantity of pork produced per sow will increase as 
sizes of litter, and litter frequency per sow approach 8.6 from 
7.3 and 1.95 from about 1.7. Market weight was projected to 
decline from 225 pounds in 1964 to 205 pounds in 1984. Pas­
ture will phase out in 1972. Soybean base protein supplement 
was eliminated from the 1984 ration in anticipation of high 
lysine corn being an economically feasible feed by 198O. 
E. J. Stevermer, Assistant professor, Department of 
Animal Science, Iowa State University, Ames, Iowa. Inputs and 
outputs for swine production. Private communication, ca. 
1965. 
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The special low-capital hog feeding enterprise ration was 
based on a gross 3*50 feed conversion ratio dropping to 3*26 
"by 1984. High lysine corn was again assumed to allow elimina­
tion of soybean base supplement by I98O. It was felt that 
increasing competition for the use of soybeans for synthetic 
foods and other manufactured uses will force its use away from 
livestock, while at the same time suitable replacement will 
become available. 
Cash cost and receipts The cash costs and receipts 
were categorized by quarters of the year. They included as 
costs, machine and power, insurance, boar depreciation, sow 
purchase, supplement, grinding and mixing of feed, veterinary 
and medicine, and transportation to local buying stations. 
Transportation costs were based on trucking rates filed in 
1964 for firms operating in TENCO. The rates were filed with 
the Iowa State Commerce Commission. 
Cash receipts included sale of fat stock or weaned pigs, 
and one sow per two litters. Prices are described in the 
section on price assumptions in Chapter V. 
Beef feeding and cow/calf operations (Activities 150-169) 
Labor Labor Inputs for 1964 were estimated from a 
combination of reports by Janssen (35)» Shluter,^ Iowa State 
Shluter, Research associate. Department of Economics, 
Iowa State University, Ames, Iowa. Information on cow/calf 
enterprises and pasture utilization in southern Iowa. Private 
communication. ca. 1964. 
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University Extension (32), Gibbons and Heady (21), and Suter 
and Washburn (60). Over all reports examined, estimates of 
annual labor requirements varied with a coefficient of varia­
tion of nearly 100 percent. There was no agreement on the 
distribution over the seasons of a year. 
All input/output coefficients were calculated on a com­
plement basis including carryover stock, bull, and calves. 
The beef feeding operation, of course, does not include con­
sideration of breeding stock. 
A mechanical formula making use of available information 
was used for projection of the labor requirements for each 
period of the year and each activity. The parameters Y and V 
were chosen with the aid of private communication. 
(1) Z = V * Y * T 
(2) (N-F)' = (N-F)-((N-F)/¥) Z 
(3) MA' = MA - (Z-Z*(N-F)/¥) 
(4) M' = M-(M/(T-W)*(1-V)*Y*T) 
(5) J' = J_(J/(T-W)*(1-V)*Y*T) 
(6) JA' = JA-( JA/(T-¥)*(1-V)WT) 
(7) SO* = 80-(80/(T-W)*(l-V)*Y*T) 
(8) T' = (N-F)'+MA'+M'+J'+JA'+80' 
where: Y = percentage decline over each four year period 
V = proportion of Y occurring in the winter period 
November to April 
T = total annual labor 
¥ = winter labor from November to April 
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Z = interim coefficient (factor) 
N-F = November to February period 
MA - March/April 
M = May 
J = June 
JA = July August 
SO = September October 
' (prime) means revised 
Feed rations Rations were calculated according to the 
National.Research Council nutrient requirements of beef 1964 
(45). The projections were based on private communication 
1 2 
with Burroughs and Gay . The replacement of conventional 
oil-meal-base-protein supplements by urea was one of the most 
important projection guidelines. 
The actual assumptions about rations in future years were 
founded upon the following decision rules. In the case of 
feeder cattle the feed requirements for 1964 were converted to 
terms of total digestible nutrients (TDN) and summed. The 
total TDN was reduced by 4,5 percent for each four-year period 
between 1964 and 1984. The hay input was reduced 10 percent. 
^¥. Burroughs, Professor, Department of Animal Nutrition, 
Iowa State University, Ames, Iowa. Livestock rations in the 
future. Private communication, ca. 1965-
2 Nelson Gay, Associate professor, animal science extension. 
Department of Animal Science, Iowa State University, Ames, 
Iowa. Methods for projecting beef rations to 1984. Private 
communication, ca. I965. 
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The balance of the 4.percent for the whole ration was sub­
tracted from corn. Ten percent of the total TDN subtracted 
from the ration was added to supplement. The actual ration 
was recalculated for each period. Silage inputs were kept in 
TDN terms to allow substitution of forage sorghum for corn 
silage or vice versa. Soybean oil meal was phased completely 
out of the ration projections for 1984. 
A linear 4.2 percent periodic reduction^ in the TDN of 
cow/calf complement rations or l6.8 percent by 198O was 
assumed. Eighty-eight percent of the reduction was attributed 
to hay and 12 percent to pasture. Urea and molasses replaced 
soybean oil meal in I98O. 
Cash flows Variable cash costs for the beef feeding 
operations included the purchase of feeders, veterinary medi­
cine, machine operation, transport to and from distribution or 
collection points, market costs, grinding and mixing feed, 
insurance, and miscellaneous costs. 
Receipts were from the sale of finished stock on a net 
weight basis. Net weight was the pay weight not including 
transit shrinkage but including an average death loss. Feeder 
prices were Kansas City based, while fat prices originated in 
Chicago. 
The cash flows for cow/calf operations were based on a 
breakdown of costs and receipts similar to that for beef 
^In 1968, 1972, 1976, and I98O. 
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feeding enterprises. Receipts also included the sale of cow 
beef on an average replacement rate basis. 
Acquisition of beef cows There were two possible ways 
of financing beef cow acquisition. The first was a cash out­
lay, in which case overall borrowing power of the farmer was 
increased for other inputs of intermediate duration. The 
second method was a three-year loan coupled with a one to one 
loan/market price ratio. No other equity was required in this 
case. The cow buying activities were 26l and 263. 
Sheep (Activities l40-l45) 
Labor Labor requirements were calculated on a comple­
ment basis where breeding flock was concerned. Stoneberg^ 
2 provided the annual requirements and with Wickersham precised 
the breakdown into the six labor periods. Most of the annual 
labor was allocated to March and April for late lambing and to 
the winter period for early lambing. 
The labor requirements of the special ewe activity de­
scribed in Appendix B included the carryover of young lambs 
into the next year adjusted by .57 to account for the fact 
that the rest of the year's offspring was sold or died. 
^Everett Stoneberg, Associate professor, Department of 
Economics, Iowa State University, Ames, Iowa. Annual labor 
requirements for sheep. Private communication, ça. 1965» 
p 
Thomas Wickersham, Assistant professor, Department of 
Animal Science, Iowa State University, Ames, Iowa. Input/ 
output information for sheep enterprises. Private communi­
cation. ca. 1965. 
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According to Wickersham, a 25 percent reduction in labor 
for lambing could be realized by 1984. A 50 percent reduction 
should be obtained for all other labor periods by 1984, except 
for the months of May and June for the late-bred ewe activities. 
Labor inputs in these months were expected to remain nearly 
constant to 1984. Labor in July through October was expected 
to remain constant for the late-bred ewe/feeder lamb operation. 
Feed rations Rations were individually built up for 
each of the ewe, lamb, ram, and yearling components of a unit 
of sheep enterprise. The yearlings were kept for maintenance 
of the breeding flock. Six feeding periods in the year were 
identified as early gestation period one, early gestation 
period two, late gestation, lactation one, lactation two, and 
maintenance. The sum across these periods gave the annual 
ration for the ewes. 
The feeding program for sheep was specified as follows. 
Late lambs sold as feeders were on feed for a total of 133 
days, (all on pasture). Late lambs sold as fats were on feed 
162 days. They were kept on pasture until August 20 with some 
corn in August, and relatively confined until October 10 when 
they were sold. Early fat lambs were creep fed intensively 
for 70 days when they were sold. 
Projection of the ration was in two stages. First, three 
rations were designed—one each for ewes, lambs, and rams. 
Silage was introduced in I968 and further increased in 1972 to 
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a maximum level when hay was completely replaced. Protein 
supplement by 1972 was projected to be similar to the lowa-80 
urea based feed. These substitutions were made at constant 
TDM levels. 
The second stage involved reducing TDN intake levels. By 
1980 there will have been a 40 percent drop in TDN intake for 
breeding stock and 33 percent for fattening stock. 
Lambing percentages The single projection contributing 
most to profitability of sheep enterprises was expected to be 
the reduction in death loss by 25 percent for the feeding 
enterprises and an increase of 30 percent in the number of 
lambs saved per ewe by I98O. These expectations mean that in­
stead of the 1.25 lambing rate in I964, 1.62 lambs will be 
saved per ewe by 1^84. This increase should be due to genetic 
improvement as well as lambing technique. 
Cash flows Cash inflows were made up of lamb and wool 
sales for lamb feeding enterprises. These feeding activities 
contributed income in the February-March-April quarter, and to 
the subsequent two quarters when three lots were fed. Cash 
outflows, including lamb purchase, supplement grinding and 
mixing, and operating costs were concentrated in the same 
periods. 
Cash outflows for those activities which included a 
breeding flock were concentrated in the third quarter of the 
year for the early lambing activities and in the last quarter 
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for the later lambing activities. However, the cash Inflows 
also took place in these periods. This fact made sheep activ­
ities rather well balanced from the point of view of cash 
flows. 
Dairy (Activities l46-l49) 
All information about dairy activities was gained from 
private communication with Voelker and Eastwood^ of Dairy 
Science Extension at Iowa State University. The projections 
2 
were based on advice by Porter. 
Labor Labor requirements for 1964 were 80 hours for 
the stanchion system of producing manufactured milk and 60 
hours for an average loose housing system. The scale of opera­
tion for the former was 15 to 30 cows and for the latter 31 
to 60 cows. The fluid milk operations required 9«75 and 10 
percent more labor, respectively, for the two housing systems. 
A 60/40 ratio of winter labor to summer labor was used with 
equal breakdown among months within the two seasons. 
The projection was linear, based on a 15 percent reduc­
tion in labor to I98O for stanchion systems. The reduction 
assumed for loose housing was 45 percent. 
^E. Voelker and B. Eastwood, Assistant professors, 
Department of Dairy Science Extension, Iowa State University, 
Ames, Iowa. Input/output information for dairy enterprises. 
Private communication. ca. I965. 
p 
A. R. Porter, Professor, Department of Dairy Science, 
Iowa State University, Ames, Iowa. Dairy Technology in the 
future. Private communication. ca. 19^5• 
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Feed rations Rations were constructed "by dividing the 
animal complement into cows, vealers, and yearlings. In 1^64 
cows received 40 cwt. of corn, 6 cwt. of 4-4 percent soybean 
oil meal, 42 cwt. of legume hay, 97 cwt. of silage, and 60 AUD 
of pasture. Vealers were started on milk for two months, 
gradually weaned onto calf starter, hay, corn, and supplement 
for over a period of 295 days. The ration for yearlings was 
based on silage and hay for the months not on pasture. 
The projections of the rations to 1984 included a switch 
to a urea based protein supplement beginning in I968. Hay 
was reduced in the ration until I98O when neither hay nor pas­
ture appeared. The TDN intake by cows increased over the 20-
year period by the same proportions as milk production per cow 
increased. TDN for replacement stock was decreased 25 percent 
over the projection period. 
Projected milk production A difference in quality of 
milk cows between grade A milk producers and manufactured milk 
producers was recognized. Production levels of 7,600 pounds 
per cow per year in 1964 were projected to 13,400 pounds per 
cow per year in 1984 for manufactured milk producers. Grade A 
producers may expect l4,800 pounds average yield by 1984. 
These projections were based on personal communication with 
Robert Strain.^ 
^R. Strain, Professor, Department of Economics, Iowa State 
University, Ames, Iowa. Milk yield estimates. Private commun­
ication. ca. 1965. 
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Milk production per cow was projected "by Strain using the 
equation 
Y = 171.98 X - 3^01.65 
where Z is the year in question; that is, 80 for I98O. The 
projection was 10,357 pounds per cow in 1984 compared to 7,605 
pounds in 1964. However, due to other product price controls 
on the part of the federal government this trend was not ex­
pected to be linear. Between I964 and 19^5 milk production 
per cow increased 11 percent or more than five times the norm­
al rate. This increase may have been due to drastic reduction 
in the number of milk cows in Iowa due to unfavorable milk 
prices relative to favorable hog and beef prices. The pro­
jections for fluid milk in this study.assumed a 1,200, 1,000, 
900, and 800 pound increase in constant butterfat terms every 
four years to I98O. 
Cash flows Cash receipts included milk sales, vealer 
sales, sale of cull heifers, bred heifers, and cull cows. 
Receipts were distributed evenly over the year, with cull 
sales increasing summer receipts. Cash outflows included 
breeding cost, power and equipment, veterinary medicine, 
transportation, grinding and mixing feed supplement, and calf 
starter. 
Facility Acquisition 
There were four groups of facilities. 
1. Buildings for animals included feeding facilities, 
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loafing areas, milking parlors, and farrowing setups. 
2. Storage facilities included hay barns, bins, and 
grain silos. 
3. Forage silos were either bunk, trench, or upright 
types. 
4. Machinery included tractors; tillage, harvest, and 
forage tillage implements; and forage harvesting equipment. 
Livestock facilities (Activities 178-202) 
Livestock facilities were expressed in animal activity 
units. The necessary size of a facility or investment in a 
facility for each unit of the animal activity was the facility 
unit. The costs of constructing certain standard dimensioned 
barns and loafing lots were supplied by Van Fossen and Meyer.^ 
Space requirements in square feet, for different classes of 
livestock, were used to relate the livestock requirements and 
facility dimensions. The Iowa Farm Planning Manual (3^) pro­
vided the space requirements for livestock. 
It was assumed that farmers will use as much of their own 
labor as possible in farm construction. Estimates were made 
for the labor component of construction from information 
L. Van Fossen and V. Meyer, Associate professors. Depart­
ment of Agricultural Engineering, Iowa State University, Ames, 
Iowa. Space requirements for livestock and construction costs 
for barns and shelter. Private communication, ca. I965. 
204 
available about off-farm costs of new buildings and feedlots 
(34).^ The out-of-pocket costs to the farmer were calculated. 
These costs were eligible for medium and long term credit. The 
labor and cash required to construct each facility unit was 
2 
allocated to the November-February period. 
Crop storage facilities (Activities 203-221) 
Space requirements per cwt. for various crops were 
standard. Similarly, structures for crop storage were well 
defined with comparatively little disagreement on the part of 
3 
engineers. Silos for the storage of silage were less stan­
dard due to size and construction conforming to the bulkiness 
and weight variation in silage. Economies of scale entered 
when comparing upright 200-ton and 300-ton capacity silos. 
According to Van Possen^ the cost of silo construction per ton 
of capacity diminished by 20 percent from $10.00 to $8.00 for 
L. Van Fossen and V. Meyer, Associate professors. Depart­
ment of Agricultural Engineering, Iowa State University, Ames, 
Iowa. Labor/material ratios for on-farm construction. 
Private communication. ca- 1965» 
p 
The decision to build and Invest is assumed to be made 
November 1. The winter period is a time of relatively slack 
labor with cash more available than at other periods. 
^See Footnote 1, page 203. 
^L. Van Fossen, Associate professor. Department of Agri­
cultural Engineering, Iowa State University, Ames, Iowa. Silo 
construction costs. Private communication, ca. I966. 
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the 200 and 300 ton silo, respectively. However, the scale 
effect was ignored for horizontal silos with earthen walls and 
concrete floor. A discount of 10 percent for spoilage was 
assumed for upright silos and 20 percent for horizontal silos 
of the construction assumed above. 
The auger system of unloading and feeding was assumed to 
require $25-50 investment per steer. This figure was based on 
$1,300 per 100 animals for the silage unloader and $12.50 per 
animal for the auger tube, eight foot apron, and concrete and 
wooden bunks.^ A 20 percent cost per animal discount would 
apply for a herd size of 200 head. 
Farm machinery (Activities 231-234, 246-251) 
2 Three machinery complements were defined for tillage, 
harvesting, and forage handling for 1964, based on Sharpies' 
work^ and the definitions of field operations for corn crop­
ping. These complements were projected to 1984. Projection 
of the new cost of replacing or adding to the 1984 complements 
^Assume two animals per linear foot. 
p 
See the subsection entitled "Machinery use coefficients," 
in the section on crops in this Appendix. 
^J. Sharpies, USDA collaborator. Department of Economics, 
Iowa State University, Ames, Iowa. USDA NC54 regional in­
formation on machinery complements used for field crops. 
Private communication. ca.. 1964. 
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was founded on 1964 costs of the variously assumed machinery 
designs.^ 
The composition and capacity of the three machinery com­
plements for 1984 varied for the three farm size groups. The 
field capacities in acres for each complement were used to 
determine the level of investment per acre for each size of 
tractor. 
There was one tractor buying activity and three types of 
field operation in each linear program. The acre capacity of 
a tractor used for each type of operation was determined by 
the acre capacity of the respective machinery complements. For 
example, in the 150 acre size group of farms the three machin­
ery complements could till 575 acres, harvest 500 acres, and 
handle 128 acres of meadow for hay respectively. For a $5400 
tractor in the same farm group, the respective investments per 
acre were $9.39, $10.80, and $42.19. Standardizing with re­
spect to investment per acre for harvesting, a unit of tractor 
buying contributed 1.15 units to tillage tractor capacity, 1.00 
^This procedure yielded a somewhat downward bias in costs 
but was used for reasons of convenience. Farm machinery prices 
were obtained from Frisby (I?)» James (34), Krenz (38), USDA 
(66), and Jerry Sharpies (Footnote 3, page 205). 
p 
Field capacities and assumptions about machinery comple­
ments were based on larger farm sizes than the optimum plans 
called for. Therefore, investment per acre is heavily biased 
downward. 
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unit to harvest tractor capacity, and 0.26 units to forage 
handling tractor capacity. These three coefficients were us 
for activity 232, rows 51» 52, and 59 respectively in each 
program. 
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APPENDIX B. ACTIVITY AND RESOURCE CODE 
AND TECHNOLOGICAL MATRIX 
Part I. Code for Activities in the Linear Program Used 
in the Model II Development Plan for TENCO^ 
Cropping; activities in acre units 
The activity number for the medium fertilization rate is 
in the left-hand column. The activity number for the high 
fertilization rate is in the right-hand column. 
1 First year corn following legume meadow 28 
2 Second year corn following first year corn 29 
3 Third year corn following second year corn 30 
4 Continuous corn (follows third year corn) 31 
5 Corn following soybeans 32 
6 Corn following sudan grass 32 
7 Soybeans following first year corn following meadow 3^ 
8 Forage sorghum following meadow 35 
9 Forage sorghum following first year corn following 
meadow 36 
10 Forage sorghum following second year corn 37 
11 Forage sorghum following third year corn 38 
12 Forage sorghum following continuous corn 39 
13 Forage sorghum following corn following soybeans 40 
^When combined with the resource and constraint row code 
and the technical input/output matrix found in this Appendix 
this code permits the reader to follow the details for each 
economic activity in the linear program. 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
6l 
62 
63 
4l 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
6o 
175 
176 
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Forage sorghum following corn following sudan 
grass 
Forage sorghum following soybeans 
Forage sorghum following sudan grass 
Forage sorghum following forage sorghum 
Corn silage following meadow 
Corn silage following first year corn following 
legume meadow 
Corn silage following second year corn 
Corn silage following third year corn 
Corn silage following continuous corn 
Corn silage following corn following soybeans 
Corn silage following corn following sudan grass 
Corn silage following soybeans 
Corn silage following sudan grass 
Corn silage following corn silage 
Corn following corn following soybeans 
Corn following corn following sudan grass 
Soybeans following second year corn following 
meadow 
Soybeans following' third year corn 
Soybeans following sudan grass 
Soybeans following forage sorghum or corn silage 
Continuous corn following continuous corn 
Continuous corn following forage sorghum or 
corn silage 
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Activities 67-76 and 101-108 are sudan grass following 
Various crops for the two fertilization levels, 
respectively. 
Activities 77-93 and 111-127 are meadow establishment 
and maintenance activities for the two fertilization 
levels, respectively. 
Activities 75, 7 6 ,  94-100, IO9, 110, and 128-134 are 
pasture establishment and maintenance activities for the 
two fertilization levels. 
Livestock activities 
135 One-sow/two-litter hog enterprise to produce fat hogs 
begins November 1. Bred gilts are purchased and cared 
for until March when first farrowing in made-over don-
flnement takes place. Pigs are out on pasture with the 
sow April 1, creep fed, and weaned at six weeks. The 
pigs go on full feed using portable feeders until market 
weight or at about five months. They are sold about 
August 15. There is another farrowing September 15-
At two weeks the sow and litter are out on pasture and 
creep fed until weaning at six weeks. Full feeding 
begins November 1. The sow is sold October 31. 
136 Two-sow/four-lltter enterprise sells market hogs four 
times a year. Sows farrow in permanent farrowing facil­
ities in January, March, July, and September. Sows are 
sold August 31 and October 31• 
137 One-sow/two-litter hog enterprise sells weaned pigs on 
May 15 and October 31 at 40 pounds. The sow is sold 
October 31. 
138 Two-sow/four-litter hog enterprise sells weaned pigs at 
40 pounds. Four farrowings take place in January, 
March, July, and September in permanent farrowing pro­
visions. Sows are sold on August 31 and October 31• 
139 Special low capital hog feeding enterprise purchases 
hogs at 50 pounds June 1. Feeding is done in an open 
sloping lot with some shade, using portable waterers 
and feeders. Four feeders per 300rpigs are assumed. 
The lot is fenced with one strand of wire electrified 
at 1,200 volts. Hogs are marketed September 15. 
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140 Feeder lambs arc bought November 1 and fattened until 
February I9. The scale of operation is 200 animals. An 
open shed and loafing lot are the only facilities assumed. 
A 2.0 percent death loss is assumed. The market for 
these sheep is designated to be local packers in the 
Cedar Rapids, Waterloo, Dubuque area. 
141 Feeder lambs are bought and fed in three lots of 200 
per year. This activity is the same as l40 except for 
some scale economies of facility use. 
142 Ewe/lamb activity produces early lamb for the spring 
market. Three rams per 100 ewes and a 25 percent 
replacement rate are assumed. The possibility of 
medium-term borrowing exists to finance ewe purchase. 
Lambing is prescribed in February, and sale of fat 
lambs takes place in June. 
1^3 Ewe/lamb activity begins November 1. Lambing is in 
early April. The lambs are sold as fat lambs in the 
early Autumn. All replacements are bought in mid-
November . 
144 Ewe/lamb activity produces late feeders sold in early 
autumn. These lambs are kept on pasture with no 
supplemental feeding. 
145 Special ewe activity produces bred yearlings. The ram 
lambs are sold as late feeders. This activity encompas­
ses two years and is assumed a continuous operation so 
that every year has a carry-over from the previous year 
estimated by the present year's activity level. 
Special operator skill in breeding sheep is assumed 
for this activity. 
146 Dairy activity produces grade A milk using a stanchion 
system. The calving interval is 4l5 days with an 80 
percent calf crop assumed with a 50/50 sex ratio. The 
bull calves are sold at 200 pounds; there is a 25 per­
cent heifer loss due to sterility. These heifers are 
sold at 1,000 pounds for a low grade in October. One 
half of the bred heifers are sold at $200. Two-thirds 
of the number of cull cows are sold for utility beef in 
July and August, and one-third in January. Artificial 
insemination is used at $y.00 per time. Most of the 
calving is done in the fall. Barn space requirements 
are 50 sq. ft. per cow, four per calf, and 4o per 
yearling. 
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14? Dairy enterprise is the same as activity l46 except that 
loose housing is used. Space requirements are 70 sq.. 
ft, per cow, and 10 per calf. One unpaved well-drained 
acre yard is assumed per 24 cows. 
l48 Dairy enterprise is the same as activity l46 except 
that manufactured milk is produced with lower yield per 
cow. 
1^9 Dairy activity is the same as activity 14? except that 
manufactured milk is produced with lower yield per cow. 
150 Steers are pasture fed with low capital investment. 
Steers are bought November 1 at 650 pounds and kept in 
a lot on hay for a week, after which they go on salvage 
pasture until December 15. They are wintered on silage, 
hay, and ground ear corn until May l4, when they are put 
out on grass with grain until they attain 1,086 pounds 
about August 12. The scale of operation for which input/ 
output data was gathered is about fifty animals. 
151 Medium quality steer calves are bought August 15 and 
fattened on a grain plan. Their beginning weight is 
about 420 pounds. At the end of the wintering period 
on January 18 the weight is 6l5 pounds. Drylot finish­
ing takes place until about May I9 or at 88O pounds. 
The fattening ration is ground ear corn giving a daily 
rate of gain of about 2.25 pounds per day. A lot of 
about 50 animals is anticipated. Low capital investment 
means fence line, bunks, shed, and better than average 
drainage. 
152 High quality steer calves are pasture fed with low 
capital investment. Purchase date is November 1 at 470 
pounds. The animals are salvage pastured until December 
16, when they are put in a sheltered well drained lot 
for the winter. They are fed silage until May 15. From 
May 15 until October 30 they are pastured with a grain 
allowance, gaining at the rate of 2.00 pounds per day to 
1,056 pounds. Fifty animals are assumed to be the scale 
of operation. 
153 High quality yearling steers are bought November 1 
weighing 69O pounds. They are pastured until December 
15. Over the winter until April 15 a "pepped-up" ration 
including silage and ground ear corn is fed giving a 
daily rate of gain of 2.5 pounds per day. The cattle 
are sold at high choice at the end of August, weighing 
1,245 pounds. A low capital investment is anticipated 
with a scale of operation at 50 head. 
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15^ Steers are handled the same way as activity 150 except 
that the scale of operation is assumed to be 100 animals, 
and an automated feeding system is used. The automated 
system includes superior lots without paving and a tube 
auger system for distributing mixed feed. One foot of 
auger is necessary per two animals. There is an eight 
foot concrete apron and an automatic silage unloader. 
155 This activity is the same steer feeding operation as 
activity 151 using an automated feeding system described 
in 154. The scale of operation is assumed to be 100 
head. 
156- The same as steer feeding activity 152, except that the 
capital investment is like that described in 1^4. 100 
head is the scale of operation. 
157 The same as steer feeding activity 150, with a 200 head 
scale of operation. 
158 The same as steer feeding activity 151, with a 200 head 
scale of operation. 
159 The same as steer feeding activity 152 with a 100 head 
scale of operation. 
160 The same as steer feeding activity 153 with a 200 head 
scale of operation. 
161 The same as steer feeding activity 154 with a 200 head 
scale of operation. 
162 The same as steer feeding activity 155 with a 200 head 
scale of operation. 
163. The same as steer feeding operation 156 with a 200 head 
scale of operation. 
164 Cow/calf sell operation has a scale of 0-23 head. Calves 
are dropped April 1 and weaned October 31• Artificial 
insemination is assumed. Cows are depreciated over 
seven years. The scale of operation is assumed to 
change up to 4$ head by I98O. Part of a yearling is 
included using the cow depreciation rate to determine 
the proportion to include in the activity. 
165 Cow/calf sell operation is the same as l64 except that 
the scale of operation is 24-49 head. This scale is 
assumed to move up to 50-109 by I98O. 
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166 Cow/calf sell operation is the same as activity l64 
except that the scale of operation is assumed to be 50 
plus, going up to 110 plus by I98O. A clean up bull is 
assumed. 
167 Cow/calf fed operation is the same as activity l64 
except that the calf is fed according to activity 152. 
The complement concept is involved in that the yearling 
heifer is included with appropriate weighting. In 
reality this operation takes two years, yet it is assumed 
that there is no beginning year and that there always is 
the feeder appropriately weighted into the activity. 
This assumption is for convenience. 
168 Cow/calf sell operation is the same as activity I67 with 
a scale of operation of 24-4$ rising to 5O-IO9 in I98O. 
169 Cow/calf fed operation is the same as activity I67 • 
assuming a scale of operation of greater than 50 head 
rising to 110 head or more in I98O. 
Facility acquisition activities^ 
170 #100 Short-term borrowing 
171 $100 Short-term borrowing 
172 $100 Short-term borrowing 
173 $100 Medium-term capital borrowing 
174 $100 Long-term capital borrowing 
177 — — — Not used 
178 head Loafing area; unpaved, cash financing 
179 head Loafing area; paved, cash financing 
180 head Barns and shelter; pole barn, cash financing 
181 head Barns or shelter; for dairy parlor system, 
medium-term financing 
^The units of measurement for each activity appear at 
the beginning of each entry. 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
215 
head Barns or shelter: for dairy stanchion system, 
medium-term financing 
head Feeding facilities for beef: bunk system, 
cash financing 
head Feeding facilities for beef: mechanized 
auger system, medium-term financing 
1 cow Dairy parlor, medium-term financing 
1 sow Farrowing facilities: low capital temporary 
construction, cash financing 
1 sow Farrowing facilities: permanent capital 
intensive construction, medium-term financing 
1 litter Hog feeding facilities: low capital temporary 
construction for flexible use, cash financing 
1 litter Hog feeding facilities: permanent construc­
tion, cash financing 
1 litter Hog feeding facilities: permanent construc­
tion for market hogs, medium-term financing 
1 litter Hog feeding facilities: low capital inten­
sive flexible self feeding system, cash and 
medium-term financing 
head Feeding facilities and shelter for sheep 
fattening, cash financing 
head Feeding facilities and shelter for ewe/lamb 
activities, cash financing 
head Loafing area for ewes and lambs, long-term 
financing, no cash 
head Loafing area for ewes and lambs, long-term 
financing, no cash 
head Barns and shelter: pole barn, long-term 
financing, no cash 
head Beef feeding facilities: bunk system, long-
term financing, no cash 
1 sow Farrowing facilities: low capital temporary 
construction, long-term financing, no cash 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
216 
1 sow Hog feeding facilities: low capital flexible 
system, long-term financing, no cash 
1 sow Hog feeding facilities: permanent construc­
tion for weanling pigs, long-term financing, 
no cash 
head Feeding facilities and shelter for sheep, no 
cash and long-term financing 
head Feeding facilities and shelter for ewe/lamb 
activities, no cash and long-term financing 
cwt. Storage facilities; dry ear corn, cash dovra-
payment plus long-term financing 
cwt. Storage facilities: hay, cash downpayment 
plus long-term financing 
cwt. Storage facilities: shell corn, cash downpay­
ment plus long-term financing 
Not used 
Not used 
cwt. Storage facilities; silage, upright silo 200 
tons capacity, cash downpayment plus long-
term financing 
cwt. Storage facilities; silage, upright silo 300 
tons capacity, cash downpayment plus long-
term financing 
cwt. Storage facilities; silage, horizontal silo 
200-300 tons capacity, cash downpayment plus 
long-term financing 
cwt. Storage facilities; silage, horizontal silo 
TDN 500-700 tons capacity, cash downpayment plus 
long-term financing 
Not used 
cwt. Storage facilities: dry ear corn, medium-term 
and long-term financing 
cwt. Storage facilities; hay, medium-term and 
long-term financing 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
use 
217 
cwt, 
cwt, 
cwt, 
cwt 
cwt 
acre 
acre 
acre 
acre 
acre 
acre 
acre 
acre 
s.c.a.u. ' 
1 
Storage facilities: shell corn, medium-term 
and long-term financing 
Not used 
Not used 
Storage facilities: silage, upright silo 200 
tons capacity, medium-term and long-term 
financing 
Storage facilities: silage, upright silo 300 
tons capacity, medium-term and long-term 
financing 
Storage facilities: silage, horizontal silo 
200-300 tons capacity, medium-term and long-
term financing 
Storage facilities: silage, horizontal silo 
500-700 tons capacity, medium-term and long-
term financing 
Not used 
Buy land; suitable for row cropping, cash and 
long-term financing 
Buy land: suitable for improved pasture, cash 
and long-term financing 
Buy land: suitable for row cropping, medium-
term and long-term financing 
Buy land: suitable for improved pasture, 
medium-term and long-term financing 
Rent-in land: suitable for row cropping 
Sent-in land; suitable for improved pasture 
Rent-out land: suitable for row cropping 
Rent-out land: suitable for improved pasture 
Purchase tillage machinery, medium-term and 
cash financing 
^Standard corn acre unit. See subsection entitled "Machinery 
coefficients" under the section on crops in Appendix A. 
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232 s.c.a.u. Purchase tractor, medium-term and cash 
financing 
233 s.c.a.u. Purchase harvest machinery, medium-term and 
cash financing 
234 s.f.a.u.^ Purchase forage machinery, medium-term and 
cash financing 
Miscellaneous activities 
235 hour Hire labor, November-February 
236 hour Hire labor, March-April 
237 hour Hire labor, May 
238 hour Hire labor, June 
239 hour Hire labor, July-August 
240 hour Hire labor, September-October 
241 cwt. Sell oats 
242 cwt. Sell shell corn 
243 cwt. Transfer ear corn to shell corn 
244 cwt. Sell soybeans 
245 cwt. Sell hay 
246 s.f.a.u. Purchase forage harvester, medium-term and 
cash financing 
24? s.c.a.u. Purchase tillage machinery, cash financing 
248 s.c.a.u. Purchase tractor, cash financing 
249 s.c.a.u. Purchase harvest machinery, cash financing 
250 s.f.a.u. Purchase forage machinery, cash financing 
Standard forage acre unit. See subsection entitled 
"Machinery use coefficients" under the section on crops in 
Appendix A. 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
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s.f.a.u. Purchase forage harvester, cash financing 
cwt. Transfer shell corn to ear corn 
cwt. Store silage in upright 200 ton capacity silo 
TDM 
cwt. Store silage in upright 300 ton capacity silo 
TDN 
cwt. Store silage in horizontal 200-300 ton 
TDN capacity silo 
cwt. Store silage in horizontal 500-700 ton 
TDN capacity silo 
cwt. Buy ear corn 
cwt. Buy shell corn 
cwt. Buy hay 
1 litter Transfer farrowing facilities 
head Buy cow for cash 
head Buy ewe for cash 
head Buy cow with medium-term financing 
head Buy ewe with medium-term financing 
I Transfer cash from November-January to 
February-April period 
$ Transfer cash from February-April to May-July 
period 
$ Transfer cash from May-July to August-
September period 
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Part II. Code for Resource and Constraint Rows 
in the Linear Program Used in the Model II 
Development Plan for TENCO^ 
The units of measurement are in the column between the 
numbers of the rows and the name of the resource. 
2 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
s.f.a.u.' 
# 
acre 
acre 
acre 
hour 
hour 
hour 
hour 
hour 
hour 
hour 
Forage harvester 
Net income account 
Land: suitable for row cropping 
Land: suitable as improved pasture 
Land: suitable only as permanent pasture and/ 
or forest 
Labor; operator plus family for November-
February 
Labor ; 
Labor: 
Labor; 
Labor ; 
Labor ; 
October 
operator plus family for March-April 
operator plus family for May 
operator plus family for June 
operator plus family for July-August 
operator plus family for September-
Labor account of all labor used 
Cash on hand November, December, January 
Cash on hand February, March, April 
This code when combined with the activity code and the 
technical input/output matrix found in this Appendix permits 
the reader to follow the details of each economic activity in 
the linear program. 
p 
Standard forage acre unit. See the subsection entitled 
"Machinery use coefficients" under the section on crops in 
Appendix A. 
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15 $ Cash on hand May, June, July 
16 $ Cash on hand August, September, October 
17 cwt. Feed inventory: shelled corn 
18 cwt. Feed inventory: hay 
19 AUD^ Feed inventory: pasture 
20 cwt. Feed inventory: silage 
TDN2 
21 AUD Feed inventory: salvage pasture 
22 cwt. Feed inventory; ear corn 
23 i Capital; short-term plus medium-term borrowing 
base 
24 f Capital: long-term borrowing base 
25 i Capital: medium-term accounting identity 
26 f Capital; long-term accounting identity 
27 $ Not used 
28 $ Not used 
29 $ Not used 
30 $ Capital: interest on short-term loans 
31 Capital: proportion of medium-term/long-term 
loan for land purchase 
32 head Facility inventory: unpaved loafing area 
33 head Facility inventory: paved loafing area 
34 head Facility inventory: barns or shelter. Pole 
construction 
^Animal unit day. 
p 
Hundredweight of total digestible nutrients. 
35 
36 
37 
38 
39 
40 
4l 
42 
43 
44 
45 
46 
47 
222 
head Facility inventory: barns or shelter for 
dairy parlor system 
head Facility inventory; barns or shelter for 
dairy stanchion system 
head Facility inventory; bunk feeding system for 
beef 
head Facility inventory; mechanized auger feeding 
system for beef 
head Facility inventory: dairy parlor 
head Facility inventory; farrowing facility of 
flexible low capital-intensive temporary 
construction 
head Facility inventory; farrowing facility of 
permanent capital-intensive construction 
head Facility Inventory: flexible low-capital 
construction feeding facility for hogs 
head Facility inventory: permanent construction of 
feeding facilities for weaning pigs 
head Facility inventory: specialized construction 
of feeding facilities for market hogs 
head Facility inventory; low-capital-intensity 
flexible self feeder for hogs 
head Facility inventory; feeding facilities plus 
shelter for sheep fattening 
head Facility inventory: feeding facilities plus 
shelter for ewe/lamb activities 
cwt. Storage facility for ear corn 
cwt. Storage facility for hay 
cwt. Storage facility for shelled corn 
223 
51 s.c.a.u.^ Facility inventory: inventory of tractor 
capacity for harvest 
52 s.c.a.u. Facility inventory; inventory of tractor 
capacity for forage management 
53 cwt. Storage facility for silage: upright silo 
TDM with 200 tons capacity 
54 cwt. Storage facility for silage: upright silo 
TDN with 300 tons capacity 
55 cwt. Storage facility for silage: horizontal silo 
TDN with 200-300 tons capacity 
56 cwt. Storage facility for silage: horizontal silo 
TDN with 500-700 tons capacity 
57 head Cow inventory 
58 s.c.a.u. Inventory of tillage machinery 
59 s.c.a.u. Inventory of tractor capacity for tillage 
60 s.c.a.u. Inventory of harvest machinery 
61 s.f.a.u. Inventory of forage machinery 
62 cwt. Oilseed inventory: soybeans 
63 cwt. Feed Inventory: oats 
64-83 Crop sequence constraints (not used in Model 
II) 
84 head Ewe inventory 
85 Silage accounting identity 
86 $ Variable cash cost account (value of the 
objective function) 
Standard corn acre unit. See the subsection entitled 
"Machinery use coefficients" under the section on crops in 
Appendix A. 
224 
Part III. Example Technical Input/Oatput Matrix 
for Farm Class A224 in 1984 
Each entry in the following list of coefficients contains 
an activity number, a row number and the value of the coeffi­
cient in this order. Activity numbers correspond to the ac­
tivity code in Part I of this Appendix. Row numbers correspond 
to the code of resource and constraint rows found in Part II 
of this Appendix. For example, select activity 2, row 21, for 
which the technical coefficient is -75.80. Activity 2 is 
second year corn following first year corn after legume meadow. 
How 21 is the inventory of salvage pasture. Thus the techni­
cal coefficient in the matrix is the number of animal unit 
days of salvage pasture (75*80) that may be obtained from one 
acre of second year corn. 
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ACT. AUM COLF- ACT, 
i \0.  NU. FICIÊNT NO. 
1 2 - 1 6 . 3 2  6 8  
1 3 1 . 0 0  6b 
1 7 0 . 6 5  68 
1 11 1 o 65 68 
1 12 -2.30 6 8  
1 14 14.14 6 9  
1 1 6  2.18 6 9  
1 17 —68.30 69 
1 2 1  -77.10 6 9  
1 50 6 8 . 3 0  6 9  
1 51 1.00 6 9  
1 5 8  1.00 6 9  
1 5 9 .  1.00 6 9  
1 ôO 1.00 6 9  
1  77 1 . 0 0  69 
1 8 6 -16.32 70 
2 2 - 2 0 . 2 5  70 
2 3 1.00 70 
2 7 0.65 70 
2 11 1 . 6 5  70 
2 12 -2.30 70 
2 14 16.07 70 
2 16 2.18 . 70 
2 17 -67.80 70 
2 21 - 7 6 . 5 0  70 
2 50 67,30 71 
2 51 1.00 71 
2 58 1 . 0 0  • 71 
2 5 9  1.00 71 
2 6 0  1,00 71 
2 64 1.00 71 
2 86 - 2 0 . 2 5  71 
3 2 -23.03 71 
3 3 1.00 71 
3 7 0 . 6 5  71 
3 11 1 . 6 5  72 
3 12 - 2 . 3 0  72 
3 14 20,85 72 
3 16 2.18 72 
3 17 - 6 7 . 2 0  72 
3 21 - 7 5 . 8 0  72 
3 5 0  67,20 72 
3 51 1,00 7 2  
3 5 8  1 . 0 0  72 
3 59 l.GO 72 
3 6 0  1.00 73 
COEF- AGI. ROW CQEF-
FICiEM NU. NO. FiCIENT 
- 1 9 1 . 5 0  1 4 5  11 0 . 2 0  
0 . 5 0  1 4 5  12 - 4 . 3 8  
0.50 1 4 5  13 6 . 8 1  
1 . 0 0  145 14 -1.63 
-20.25 1 4 5  15 - 5 . 0 7  
- 2 0 . 2 5  1 4 5  16 -23.25 
1 . 0 0  1 4 5  17 0.43 
1 . 1 4  1 4 5  1 9  41.70 
- 1 . 1 4  1 4 5  20 2 . 9 6  
2 0 . 2 5  145 32 0.44 
- 1 9 1 . 5 0  145 47 1 . 5 0  
0 . 5 0  145 84 1.00 
0 . 5 0  145 86 -11.59 
1.00 1 4 6  2 529.71 
- 2 0 . 2 5  146 6 2 6 . 6 4  
-20.25 146 7 1 4 . 9 6  
1 . 0 0  146 8 6.20 
1.14 146 9 4.93 
-1.14 146 10 9 . 9 4  
2 0 . 2 5  146 11 9.94 
-191.50 146 12 -74.61 
0.50 146 13 -48.59 
0,50 1 4 6  14 -142.93 
1 . 0 0 .  146 15 —163.48 
- 2 0 . 2 5  146 16 -174.71 
-20,25 146 17 4 2 . 0 5  
1 . 0 0  146 2 0  67 .36 
1 . 1 4  146 3 6  1.00 
- 1 . 1 4  146 8 6  - 1 4 7 . 2 7  
2 0 . 2 5  1 4 7  2 531.96 
-191.50 147 6 1 3 . 9 2  
0 . 5 0  147 7 7.26 
0 . 5 0  1 4 7  8 3 . 0 2  
1.00 147 9 2 . 4 2  
- 2 0 . 2 5  147 10 4 . 8 4  
- 2 0 . 2 5  147 11 4 . 8 4  
1 . 0 0  147 12 - 3 6 ,  3 0  
1 . 1 4  14 7 13 - 4 9 . 1 5  
- 1 . 1 4  147 14 —143,50 
2 0 . 2 5  1 4 7  15 -164.04 
- 1 9 1 . 5 0  147 16 -175,27 
0 . 5 0  1 4 7  17 4 2 . 0 5  
0 . 5 0  1 4 7  2 0  67.36 
1 . 0 0  147 32 14.39 
- 2 0 . 2 5  147 35 1 . 0 0  
-20,25 147 3 7 1 . 0 0  
ROW 
Nu. 
19 
5 8  
5 9  
ào 
86 
2 
3  
8 
1 2  
15 
19 
58 
5 9  
66 
86 
2 
3 
a 
12  
15 
19 
5 8  
5 9  
68 
86 
2 
3 
8 
12 
15 
1 9  
5b 
5 9  
6 9  
d6 
2 
3 
6 
12 
1 5  
19 
5 8  
5 9  
70 
86 
2 
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T. KCW CCCP- Au T. !\U « LùcF- A C T .  ROW COtF-
1 e  Nu. M C I E N T  NO . N u .  F I C I E N T  NO . NI). FICicNT 
3 1 . 0 0  7; 3 1 .00 1 4 7  39 i . Û Û  
3. 8 6  -2 3.03 73 Si 1 . 1 4  1 4 7  36 - 1 4 5 . 0 2  
4 2 -25.34 73 12 -1 .14 1 4 8  2 376.47 
4  3 1.00 73 15 20.25 146 6 2 6 . 0 1  
4 7 0 . 6 5  73 1 9  - 1 9 1 . 5 0  1 4 8  7 13.60 
4  i l  1.65 73 58 0 . 5 0  14 6 6 5 . 6 1  
4  12 -2.30 7 3  59 0.50 1 4 8  9  4 . 5 0  
4  14 23.16 lù 71 1 . 0 0  146 10 9 . 0 1  
4 16 2. 18 7 3 66 -20.25 146 11 9 . 0 1  
4 1 7  — 6 c .60 74 2 -20.25 148 12 -67.74 
4  21 -75.20 74 3 1 . 0 0  1 4 8  13 47.76 
4  50 o 6 . 6 0 74 8 1 . 1 4  1 4 8  14 —64.96 
4 51 1 . 0 0  74 12 - 1 . 1 4  14b 15 -187.53 
4  5 8  1.00 74 15 2 0 . 2 5  1 4 8  16 -151.74 
4  59 1 . 0 0  74 19 -191.50 1 4 8  17 3 0 . 9 7  
4 60 1 . 0 0  74 56 0 . 5 0  1 4 8  20 53.46 
4 6ù 1.00 7 4  59 0 . 5 0  146 36 1 . 0 0  
4 66 -25.34 74 72 1 . 0 0  148 66 -16c,65 
5 2 -20,25 74 U 6  -20.25 1 4 9  2 3 7 6 . 7 2  j . 1.00 75 2  -5.54 1 4 9  6 12.65 
5 7 0.65 75 4 1. 00 1 4 9  7 6.60 
t> 11 1 . 6 5  75 7 0.13 1 4 9  8 2.75 
5 12 -2.30 75 10 0 . 4 8  1 4 9  9  2 . 2 0  
D 14 1 6 . 0 7  1-j 12 -0.5 9 149 10 4.40 
b lo 2 . 1 J  75 14 5.17 1 4 9  11 4 . 4 0  
5 1 7 -07.bO 75 15 0 . 3 7  1 4 9  12 -33.00 
21 — ?6 » 5 0 75 19 - 1 7 6 . 8 2  1 4 9  13 4 7 . 2 2  
5 5U 6 7 . 8 0  75 52 0 . 2 6  149 14 -65.54 
5 b 1 1 . 0 0  75 61 0 . 2 6  149 15 - 1 8 8 . 0 5  
5 sa 1.00 75 82 1 . 0 0  1 4 9  16 -152.31 
5 59 1 . 0 0  75 So - 5 . 5 4  1 4 9  17 3 0 . 9 7  
b 60 1 . 0 0  76 2 -5.54 1 4 9  2 0  5 3 . 4 8  
5 7 0 1 . 0 0  76 4 1 . 0 0  149 32 14.39 
5 ct> - 2 0 . 2 5  7 6 7 0 . 1 3  1 4 9  35 1 . 0 0  
6 2 - 2 3 . 4 9  7 6  10 0 . 4 d  1 4 9  3 7  i.uo 
o 3 1 . 0 0  7o 12 -0.5 9 1 4 9  39 1 . 0 0  
6 ? 0.65 /o 14 5 . 1 7  1 4 9  66 - i o 4 . 4 Û  
6 1 1  1.65 Ib  15 0 . 3 7  1 5 0  2 8 5 . 1 6  
6 12 -2.30 76 19 - 1 7 6 . 8 2  150 6 2.32 
6 14 21.31 76 52 0 . 2 6  1 5 0  7 1. 56 
6 16 2 . 1 0  76 61 0-2 6 150 Ù 0.66 
o 17 - 6 7 . 6 0  76 63 1 . 0 0  1 5 0  9 0.34 
6 21 -76.50 76 8 6  -5.54 1 5 0  10 0 . 6 9  
6 30 6 7 . 6 0  77 2 - 1 9 . 0 6  1 5 0  11 0.69 
6 51 1 . 0 0  77 3 l.vO 1 5 0  12 -6.26 
6 58 1 . 0 0  7 7  9 0 . 8 5  1 5 0  13 1 6 6 . 4 0  
T 
6 
6 
6 
à 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
? 
7 
7 
8 
6 
a 
8 
« 
fc 
8 
8 
y 
6 
o 
8 
a 
6 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
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L'W C i J c I- — A C T « 
NU. hiClLNT Nu. 
59 1.00 77 
oO 1.00 77 
71 1.00 77 
3ù -2 3.49 77 
-16,52 77 
3 1.00 77 
3 0.54 77 
11 1. 02 77 
12 -1,56 77 
15 13.d7 77 
1 û 2.65 77 
50 21.00 7/ 
5 i. 0.6U 7à 
58 0.6d 7ii 
59 0.63 73 
60 0.68 78 
62 -21.00 78 
64 1 • 00 7B 
86 -16.52 7b 
1 1.00 7 y 
2 -13.56 78 
3 1.00 • 78 
a 0.54 78 
11 3.67 78 
12 -6.83 78 
15 10. 74 70 
16 2.82 78 
20 -74.00 79 
52 1.00 79 
56 1.00 79 
5 9 1.00 79 
77 1.00 79 
6 5 24.20 79 
86 -13.56 79 
1 1.00 79 
2 -17.49 79 
3 1.00 79 
8 0.54 79 
il 3.67 79 
1 i -6.83 79 
15 14,67 79 
16 2.82 79 
20 -72.00 oO 
52 1, 00 80 
58 1.00 . SO 
59 1.00 CO 
CûL F~ ACT « kuVt 
riCILNT mu. NO. 
2.41 150 14 
— 3 « 2 o 150 15 
16.74 150 16 
2.32 150 18 
24.00 150 19 
1.42 150 20 
1.42 10 22 
i.42 i5v 32 
1.42 150 34 
-24.00 150 3 7 
1.00 150 36 
-19.06 151 2 
•
o 0
 
(T 1 151 6 
1.00 151 7 
0.85 151 8 
2.41 151 10 
-3.26 151 11 
16.74 151 12 
2.32 151 13 
24.00 151 14 
1.42 151 15 
1.42 151 16 
1.42 151 18 
1.42 151 19 
-24,00 15 1 20 
1.00 151 22 
-19.06 151 32 
-19.06 151 34 
1.00 151 37 
0.95 151 86 
2.41 152 2 
-3 = 26 152 6 
16.74 152 7 
2.32 152 8 
24.00 152 9 
1.42 152 10 
1.42 152 î 1 
1.42 152 12 
1.42 152 13 
-24.00 152 14 
1.00 152 15 
-19.06 152 16 
-19.06 152 Ifc 
1.00 152 19 
0.85 152 20 
2.41 152 22 
N U « 
10 
12 
14 
11) 
50 
31 
56 
59 
60 
63 
o4 
66 
2 
3 
9 
IG 
12 
14 
i 5 
50 
51 
58 
59 
60 
63 
65 
66 
2 
3 
9 
10 
12 
14 
15 
50 
51 
58 
59 
60 
63 
66 
86 
2 
3 
9 
10 
CI 
0-
9 
9 
V 
10 
IC 
10 
1 0  
1 0  
10 
10 
10 
10 
1 0  
10 
1 0  
10 
10 
10 
1 1  
11 
1 1  
1 1  
11 
1 1  
II 
II 
11 
1 1  
II 
11 
1 L 
11 
II 
IZ  
1 2  
1 2  
1 2  
1 2  
12 
1 2  
12 
12 
12 
12  
12 
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ROW COLF- ACT. 
NCi, FICIENT NO. 
64 1.00 80 
85 24.00 eo 
86 -17.49 60 
1 1.00 80 
2 -13.56 80 
3 1.00 GO 
a 0.54 80 
11 3.07 80 
i 2. -6.Ù3 80 
15 10. 74 60 
16 2.82 00 
2Q -72.00 61 
52 1.00 81 
58 1.00 81 
5 9 1.00 ai 
o5 1. 00 81 
db 23.80 81 
86 —13.56 81 
1 1.00 81 
2 -22.58 SI 
3 1.00 81 
b 0.54 01 
II 3.67 81 
12 — 6. 83 m 
15 19.76 81 
16 2.82 81 
20 -72.00 82 
52 1.00 82 
58 1.00 82 
59 1.00 62 
66 1.00 82 
85 23.60 82 
66 -22.53 82 
1 1.00 82 
2 -22.58. 82 
3 1.00 82 
7 0.70 82 
8 1.50 82 
9 0.60 82 
10 0.36 82 
11 3 o 67 82 
12 -6.83 83 
15 19.76 83 
16 2.02 83 
21 -75.20 83 
51 l.GO 83 
ACT . RQW 
iCIENT NÛ. NU. 
-3.26 152 32 
16.74 152 34 
2.32 152 3 7 
24.00 152 86 
1.42 15 3 2 
1.4? 153 6 
1.42 153 7 
1.42 15 3 8 
-24.00 153 9 
1.00 153 10 
-19.0 ô 153 12 
-19.06 153 13 
1.00 153 14 
0.85 153 15 
2.41 153 16 
-3.26 153 18 
16.74 153 19 
2.32 153 20 
24.00 153 22 
1.42 1 53 32 
1.42 153 34 
1.42 153 37 
1.42 153 86 
-24.00 154 ? 
1.00 154 6 
—19.06 15 4 7 
—19.06 154 8 
1.00 154 9 
0.85 154 10 
2.41 154 11 
-3.2o i 54 12 
16.74 154 13 
2.32 154 14 
24.00 154 15 
1.42 154 16 
1.42 154 18 
1.42 15 4 19 
1.42 154 20 
-24.00 154 2 2 
1.00 154 33 
-19.06 154 38 
-19.06 154 86 
1.00 155 7 
0.85 155 6 
2.41 15 5 7 
— 3.26 155 B 
IV 0 « 
12 
14 
Ib 
i)0 
51 
55 
59 
60 
63 
67 
b6 
2 
3 
9 
10 
12 
14 
15 
•30 
51 
58 
b9 
60 
63 
68 
86 
2 
3 
9 
10 
12 
14 
15 
50 
51 
5tî 
59 
60 
63 
69 
86 
2 
3 
9 
10 
12 
CI 
G» 
12 
12 
1 2  
12 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
1 5 
15 
15 
15 
15 
15 
229 
ROW COtF- ACT. KQW COcF- ACT. KOW 
NO. FI ClcNT NO. NO. FICIENT Ml:. NO. 
5 c3 1.00 S3 14 16.74 155 10 
59 1.00 W3 15 2.32 155 11 
60 1.00 83 50 24.00 155 12 
6 7 1.00 83 51 1.42 155 13 
86 -22.58 83 58 1.42 155 14 
1 1 .00 83 59 1.42 155 15 
2 -20.2 7 83 60 1.42 155 16 
3 1.00 83 63 -24,00 155 16 
8 0.54 83 72 1.00 155 19 
11 3.67 83 86 -19.06 155 20 
12 — 6 . 3 3 W4 2 -27.93 155 22 
15 17.45 64 3 1.00 155 33 
16 2.62 64 9 2.07 155 38 
20 -72.00 84 10 1.41 155 86 
52 1.00 84 11 2.25 156 2 
53 1.00 84 12 -5.73 156 6 
59 1.00 64 15 1.93 156 7 
6 S 1.00 84 16 26.00 156 b 
85 23.80 64 16 -88.00 156 9 
86 -20.27 84 49 -33.00 156 10 
1 1.00 64 51 2.49 156 11 
2 -21.65 84 58 2.49 156 12 
3 1.00 84 64 1.00 156 13 
8 0.54 84 66 -27.93 156 14 
11 3.67 85 2 -27.93 156 15 
12 — 6.33 85 3 1.00 156 16 
15 16.83 85 9 2.07 156 16 
16 2.82 85 10 1.41 156 19 
2 û -72.00 85 11 2.25 156 20 
52 1.00 85 12 -5.73 156 22 
56 1.00 85 15 1.93 156 33 
59 1.00 85 16 26.00 156 
69 1.00 65 18 -88.00 156 
85 23.80 85 49 -88.00 157 
86 -21.65 85 51 2.49 157 
1 1.00 85 58 2.49 157 
2 -17.49 85 65 
o
 
o
 157 
3 1.00 85 86 -27.93 157 
8 0.54 86 2 -27.93 157 
11 3.67 86 3 O 
O 157 
12 — 6,83 86 9 IV
 
o
 
157 
15 14.67 86 10 1.41 157 
16 2.82 86 11 2.25 157 
20 -72.00 66 12 -5.73 15 7 
52 1.00 86 15 1.93 157 
5 8 l.GO 86 16 26.00 157 
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ICI. R O W  C O t V - A C T .  ROW C O k F - A C T  .  K O W  C u c F  
.0. NU. F I C I E N T  N O .  NU. F I C I & W T  N L.1  MO. f-1C i t 
18 7 7  l.CO G y 69 1.00 160 2 1 0 8 .  
16 65 22.20 89 8 6  - 2 7 . 9 3  1 6 0  6 1. 
18 86 - 1 6 . 7 2  9 0  2 -2 7.93 160 7 0. 
19 1 1.00 90 3 1.00 1 6 0  8 0. 
19 2 -20.65 9 0  9 2.07 1 6 0  9 0. 
19 3 1.00 9 0  10 1.41 1 6 0  10 0. 
19 8 0 . 5 3  90 11 2.25 1 6 0  12 
19 11 3.67 9 0  12 - 5 . 7 3  160 13 1 7 6 .  
19 12 -6.26 9 0  15 1.93 1 6 0  14 8. 
19 15 1 7 . 0 3  9 0  1 6  2 6 . 0 0  1 6 0  15 8. 
19 16 2. 82 90 1 8  - 8 6 . 0 0  160 1 6  - 3 0 2 .  
19 2 0 .  - 6 3 . 0 0  9 0  4 9  -88.00 1 6 0  1 8  7. 
19 52 1.00 9 0  51 2 . 4 9  1 6 0  19 11 . 
19 53 1.00 90 5 8  2 . 4 9  1 6 0  2 0  5 « 
19 5 9  1.00 9 0  7 2  1 . 0 0  1 6 0  2 2  32. 
19 6 4  1 . 0 0  9 0  86 - 2 7 . 9 3  1 6 0  3 2  1. 
19 8 5  2 2 . 0 0  91 2 - 1 2 . 9 2  1 6 0  34 1. 
19 8 6  - 2 0 . 6 5  91 3 1 . 0 0  1 6 0  3 7  0. 
2 0  1 . 0 0  91 9 3 . 1 5  1 6 0  8 6  -205. 
2 0  2 - 1 6 . 7 2  91 10 2.15 1 6 1  2 84. 
2 0  3 1 . 0 0  91 11 1 .90 161 6 0. 
2 0  8 0 . 5 3  91 12 -7.20 161 7 0. 
20 11 3 . 6 7  9 1  14 2 . 8 5  1 6 1  6 0. 
20 12 - 6 . 2 8  9 1  1 5  3 . 0 3  161 9 0. 
20 15 1 3 . 9 0  9 1  1 6  7 . 0 4  161 10 0. 
20 16 2 . % 2  91 18 - 8 8 . 0 0  161 11 0. 
2 0  2 0  -86.00 9 1  49 8 8 . 0 0  1 6 1  12 -2. 
20 5 2  1 . 0 0  91 52 3 . 1 3  1 6 1  13 167. 
20 5 8  1.00 91 6 1  3.13 1 6 1  14 7. 
20 59 1 . 0 0  91 74 1 . 0 0  1 6 1  15 0. 
20 6 5  1.00 91 8 6  - 1 2 . 9 2  161 16 -260. 
20 8 5  2 1 . 8 0  9 2  2 - 1 2 . 9 2  1 6 1  1 8 4 . 
2 0  8 6  - 1 6 . 7 2  92 3 1 . 0 0  16 1 19 2 4 .  
21 1 1 . 0 0  9 2  9 3 . 1 5  1 6 1  2 0  10. 
21 2 - 2 5 .  74 92 10 2 . 1 5  1 6 1  2 2  12. 
2 1  3 1.00 92 il 1 . 9 0  161 3 3  1. 
2 1  3 0. 53 9 2  1 2  - 7 . 2 0  1 6 1  3 8  0, 
21 11 3.67 92 14 2 . 8 5  1 6 1  8 6  -183. 
2 1  12 — 6. 28 9 2  15 3 . 0 3  1 6 2  2 5 5 .  
21 15. 2 2 . 9 2  9 2  1 6  7.04 1 6 2  6 0. 
21 16 2 . 8 2  9 2  18 - 8 4 . 0 0  1 6 2  7 0. 
21 20 — 86.00 92 49 8 4 . 0 0  1 6 2  8 0. 
2 1 5 2  1 . 0 0  9 2  5 2  3 . 1 3  162 lû 0. 
21 5 6  1 . 0 0  92 61 3 . 1 3  1 6 2  II c .  
21 5 9  1 . 0 0  92 75 1 . 0 0  1 6 2  12 - 2 .  
21 6 6  1.00 92 8 6  - 1 2 . 9 2  1 6 2  13 5  .  
NT 
84 
54 
89 
4  3  
43 
2 2  
51  
9 9  
4 5  
55 
83 
5 3  
6 4  
9 4  
66 
00 
00 
80 
5 2  
68 
6V 
37 
32 
17 
33 
33 
ZI 
00 
54 
79 
01 
26 
35 
40 
64 
00 
60 
67 
03 
86 
38 
09  
19 
60 
12 
06 
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ACT 
NO. 
. KUW 
NO. 
COEF­
FICIENT 
ACT 
NO. 
ROW 
NO -
CCLF-
FICIENr 
ACT . KUW 
NO. 
COEF-
FiCICNT 
21 as 2 1 . 6 0  93 2 - 1 2 . 9 2  1 6 2  14 7 . 5 6  
21 8 6  -25.74 93 1 . 0 0  1 6 2  15 - 1 8 8 . 8 4  
22 1 1.00 93 9 3.15 1 6 2  1 6  121.19 
2 2  2 -2 5.74 93 10 2 . 1 5  1 6 2  IS 2 . 5 s  
2 2  3 1.00 93 il 1 . 9 0  1 6 2  19 5 . 8 9  
22 7  0 . 9 5  9 3  1 2  - 7 . 2 3  1 6 2  20 S . 3 2  
2 2  a 0.70 9 3 14 2 . 8 5  1 6 2  2 2  14.06 
2 2  9 0.60 9 3 IS 3 . 0 3  1 6 2  33 0 . 9 0  
2 2 10 0 . 3 6  93 16 7 . 0 4  1 6 2  36 0.80 
2 2  11 3.67 93 18 - 7 6 . 0 0  1 6 2  8 6  - 1 4 2 . 6 1  
2 2  12 -6.28 9 3  4 9  7 6 . 0 0  1 6 3  2 104.61 
22 15 2 2 . 9 2  93 52 3 . 1 3  1 6 3  6 0.76 
22 16. 2 . U 2  9 3 61 3 . 1 3  1 6 3  7 0.42 
22 67 1.00 9 3  76 1 . 0 0  163 6 0.16 
2 2  8 6  -25.74 93 86 - 1 2 . 9 2  1 6 3  9 0. 16 
23 1  1 . 0 0  94  2 - 5 . 1 7  1 6 3  10 0. 34 
2 3  2 -23.43 94 4  1.00 1 6 3  1 1 0 . 3 4  
23 3 1.00 94 6 0 . 7 6  1 6 3  12 -2.18 
23 a  0 . 5 3  94 7 0.69 1 6 3  13 134.09 
2  j  11 3 . 6 7  9 4  12 -1.47 1 6 3  14 4. 49 
2 3  12 — 6. 26 94 13 1.3 3 163 15 3.64 
23 15 2 0 . 6 1  9 4  14 3.84 1 6 3  16 —24 6.83 
23 16 2 . 8 2  9 4  51 0.64 1 6 3  1 8  2.6d 
23 20 - 8 4 . 0 0  9 4  5 8  0 . 6 4  163 19 2 9 . 9 6  
23 52 1.00 94 61 1 . 0 0  1 6 3  2 0  1 0 . 4 0  
23 58 1.00 94 8 6  - 5 . 1 7  1 6 3 .  2 2  1 6 . 6 4  
2 3  59 1 . 0 0  9 5  2 - 1 6 . 7 0  1 6 3  3 3  0 . 9 0  
23 6 8 1 . 0 0  95 4 1.00 1 6 3  3 8  0 . 8 0  
2 3 8 5  2 1 . 6 0  95 7 0 . 0 6  1 6 3  8 6  - 1 5 4 . 1 1  
23 86 - 2 3 . 4 3  95 10 0 . 2 6  1 6 4  2 43.17 
2 4  1 1 . 0 0  9 5  11 1.10 1 6 4  6 2 . 7 3  
24 2 - 2 4 .81 95 12 — 1 * 42 16 4 7 1 . 5 6  
2 4  3 1 . 0 0  9 5  15 2 . 1 8  164 a 0 . 4 1  
24 8 0 . 5 3  95 16 1 4 . 5 2  164 9 0.41 
2 4  11 3 . 6 7  95 58 0 . 6 2  164 10 0.81 
24 12 — 6.26 9 5  59 0 , 6 2  164 11 O.Gl 
24 15 2 1 . 9 9  9 5  8 0  1 . 0 0  164 12 — 6.73 
2 4  1 6  2 . 6 2  9 5  86 - 1 6 . 7 0  164 13 4.61 
24 20 - 8 6 . 0 0  9 6  2 - 1 6 . 7 0  I 64 14 9 . 5 4  
2 4  52 1.00 96 4 1 . 0 0  164 15 8 . 9 8  
24 58 I .00 96 7 0 . 0 6  164 16 — 6 6 » 3 0 
2 4  59 1. 00 96 10 0 . 2 6  1 6 4  19 1 9 2 . 4 0  
2 4  69 1 . 0 0  9 6  11 1.10 1 6 4  32 2.55 
2 4  8 5  2 1 . 8 0  96 1 2  - 1 . 4 2  164 34 2 . 2 0  
2 4  66 - 2 4 . 8 1  9 6  1 5  2 . 1 8  1 6  4  57 1 . 0 0  
25 1 1 . 0 0  9 6  16 1 4 . 5 2  164 8 6  - 5 1 . 4 7  
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, C T .  R O W  C C E - F - A C T .  R O W  C O E F - A C T .  R O W  C u c F -
1 0 .  N O .  F I C I c N T  i N i C  «  N G .  F I C I c N T  m .  M O .  F i C I E N T  
2 5  2  - 2 0 . 6 5  9 6  5 8  0 . 6 2  1 6 5  2  4 1 . 9 3  
2 5  3  1 . 0 0  9 6  5 9  0 . 6 2  1 6 5  6  2 . 3 8  
2 5  a 0 . 5 3  .  9 6  8 3  1 . 0 0  1 6 5  7  1 . 3 5  
2 5  1 1  3 . 6 7  9 6  3 6  - 1 6 . 7 0  1 6 5  8  0 , 3 5  
2 5  1 2  - 6 . 2 8  9 7  2  - 5 . 4 4  1 6 5  9 0 . 3 5  
2 5  1 5  1 7 . 8 3  9 7  4  1 . 0 0  1 6 5  1 0  0 . 7 0  
2 5  1 6  2 . 8 2  9 7  9  3 . 1 5  1 6 5  1 1  0 . 7 0  
2 5  2 0  — 8 6 . 0 0  9 7  I C  0 . 3 5  1 6 5  1 2  - 5 . 8 3  
2 5  5 2  1 . 0 0  9 7  1 2  - 3 . 5 0  1 6 5  1 3  4 . 5 7  
2 5  5 8  1.  0 0  9  7  1 4  1 . 8 5  1 6 5  1 4  9 . 3 3  
2 5  5 9  1 . 0 0  9 7  1 5  3 . 0 3  1 6 5  1 5  8 . 9 0  
2 5  7 0  1 . 0 0  9 7  1 6  0 . 5 6  1 6 5  1 6  - 6 4 . 7 3  
2 5  8 5 .  2 1 . 8 0  9 7  1 8  - 8 4 . 0 0  1 6 5  1 9  1 9 1 . 7 0  
2 5  8 6  - 2 0 . 6 5  9 7  4 9  8 4 . 0 0  1 6 5  3 2  2 . 2 3  
2 6  1  1 . 0 0  9 7  5 2  1 . 5 2  1 6 5  3 4  2 . 2 0  
2 6 ,  2  - 2 3 . 8 9  9 7  6 1  1 . 5 2  1 6 5  5 7  1 . 0 0  
2 6  ' 3  1 . 0 0  9 7  8 2  1 . 0 0  1 6 5  8 6  - 5 1 . 0 6  
2 6  8  0 . 5 3  9 7  8 6  - 5 . 4 4  1 6 6  2  3 8 . 4 2  
2 6  1 1  3 . 6 7  9 8  2  - 5 . 5 4  1 6 6  6  1 . 9 8  
2 6  1 2  - 6 . 2 8  9 8  4  1 . 0 0  1 6 6  7  1 . 3 8  
2 6  1 5  2 1 . 0 7  9 8  7  0 . 1 3  1 6 6  8  0 . 2 7  
2 6  1 6  2 . 8 2  9 8  1 0  0 . 4 6  1 6 6  9  0 . 2 0  
2 6  2 0  - 8 8 . 0 0  9 8  1 2  - 0 . 5 9  1 6 6  1 0  0 . 4 1  
2 6  5 2  l . C C  9 8  1 4  5 . 1 7  1 6 6  1 1  0 . 4 3  
2 6  5 8  1 . 0 0  9 8  1 5  0 . 3 7  1 6 6  1 2  - 4 . 7 2  
2 6  5 9  1 . 0 0  9 8  1 9  - 1 7 6 . 8 2  1 6 6  1 3  4 . 7 1  
2 6  7 1  1 . 0 0  9 8  5 2  0 . 2 6  1 6 6  1 4  9 . 3 3  
2 6  8 5  2 2 . 0 0  9 8  6 1  0 . 2 6  1 6 6  1 5  9 . 7 8  
2 6  8 6  - 2 3 . 8 9  9 8  7 8  1  . 0 0  1 6 6  1 6  - 6 2 . 2 4  
2 7  1  1 . 0 0  9 8  8 6  - 5 . 5 4  1 6 6  1 9  1 9 4 . 7 0  
2 7  2  - 2 6 . 8 6  9 9  2  - 5 . 5 4  1 6 6  3 2  1 . 9 3  
2 7  3  1 . 0 0  9 9  4  1 . 0 0  '  1 6 6  3 4  2 . 2 0  
2 7  8  0 . 5 3  9 9  7  0 . 1 3  1 6 6  5 7  1 . 0 0  
2 7  1 1  3 . 6 7  9 9  1 0  0 . 4 6  1 6 6  8 6  - 5 1 . 9 9  
2 7  1 2  - 6 . 2 8  9 9  1 2  - 0 . 5 9  1 6 7  2  1 5 1 . 0 7  
2 7  1 5  2 4 . 0 4  9 9  1 4  5 . 1 7  1 6 7  6  3 . 9 7  
2 7  1 6  2 . 8 2  9 9  1 5  0 . 3 7  1 6 7  7  2 . 2 8  
2 7  2 C  - 8 6 . 0 0  9 9  1 9  - 1 7 6 . 8 2  1 6 7  8  0 . 6 2  
2 7  5 2  1 . 0 0  9 9  5 2  0 . 2 6  1 6 7  9  0 . 6 2  
2 7  5 8  1 . 0 0  9 9  6 1  0 . 2 6  1 6 7  1 0  1 . 2 8  
2 7  5 9  1 . 0 0  9 9  7 9  1 . 0 0  1 6 7  1 1  1 . 2 8  
2 7  7 2  I . C O  9 9  8 6  - 5 . 5 4  1 6 7  1 2  - 1 0 . 0 5  
2 7  8 5  2 1 . 6 0  1 0 0  2  - 5 . 5 4  1 6 7  1 3  4 . 3 7  
2 7  8 6  —  2 6 ®  8 6  1 0 0  4  1 . 0 0  1 6 7  1 4  8 . 3 7  
2 6  2  - 2 0 . 5 7  1 0 0  7  0  =  1 3  1 6 7  1 5  1 2 . 8 0  
2 8  3  1 . 0 0  1 0 0  1 0  0 . 4 6  1 6 7  1 6  - 1 7 6 . 6 1  
;U. 
28 
28 
26 
'^8 
26 
28 
28 
28 
28 
26 
2 b  
26 
28 
28 
2 9  
2 9  
2 9  
2 9  
2 9  
2 9  
2 9  
2 9  
2 9  
2 9  
2 9  
29 
2 9  
2 9  
2 9  
2 9  
3 0  
3 0  
30 
3 0  
3 0  
3 0  
30 
3 0  
3 0  
3  0  
3 0  
3 0  
3 0  
30 
3 0  
3 0  
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R U w  C O E F ­ A C T .  1'^ u w A C T  .  R O W  C Q ii: t" — 
N O .  F I C I E N T  N u  ,  N U .  F I C I & N T  N O .  N O .  F I C I E N T  
7  0 . 6 5  1 0 0  1 2  - 0 . 5 9  1 6 7  1 9  2 1 5 . 8 0  
I I  1 . 6 5  1 0 0  1 4  5 . 1 7  1 6  7  2  0  8 . 1 2  
1 2  - 2 . 3 0  1 0 0  1 5  0 . 3 7  1 6 7  2 2  1 3 . 0 0  
1 4  1 C . 3 9  1 0 0  1 9  - 1 7 6 . 8 2  1 6 7  3 2  2 . 5 5  
1 6  2 . 1 8  1 0 0  5 2  0 . 2 6  1 6 7  3 4  2 . 2 0  
i  7  - 8 1 . 8 0  1 0 0  6 1  0 . 2 6  1 6 7  5 7  1 . 0 0  
2 1  - 9 2 . 3 0  1 0 0  8 0  1 .  0 0  1 6 7  8 6  - 5 9 . 2 7  
5 0  8 1 . 8 0  1 0 0  8 6  - 5 . 5 4  1 6 8  2  1 4 7 . 2 4  
5 1  1 . 0 0  1 0 1  2  - 2 3 . 3 3  1 6 8  6  3 . 4 4  
5 8  1 . 0 0  1 0 1  •2 1 . 0 0  1 6 8  7  1 . 9 7  
5 9  1 . 0 0  1 0 1  8  1 . 1 4  1 6 8  8  0 . 5 5  
6 0  1 . 0 0  1 0 1  1 2  - 1 . 1 4  1 6 3  9  0 . 5 5  
7  7  1 . 0 0  1 0 1  1 5  2 3 . 3 8  1 6 8  1 0  1 . 0 7  
8 6  - 2 0 . 5 7  1 0 1  1 9  - 2 1 0 . 6 5 •  1 6 8  1 1  1 . 0 7  
2  - 2 6 . 5 5  1 0 1  5 8  C . 5 0  1 6 8  1 2  - 8 . 6 5  
3  1 . 0 0  1 0 1  5 9  0 . 5 0  1 6 8  1 3  5 . 0 0  
7  0 . 6 5  1 0 1  6 4  1 . 0 0  1 6 8  1 4  5 . 7 2  
1 1  1 . 6 5  1 0 1  8 6  - 2 3 . 3 %  1 6 8  1 5  1 3 . 3 9  
1 2  - 2 . 3 0  1 0 2  2  - 2 3 . 3 8  1 6 8  1 6  - 1 7 1 . 3 5  
1 4  2 6 . 3 7  1 0 2  5  1 . 0 0  1 6 8  1 9  2 1 4 . 6 0  
1 6  2 .  I d  1 0 2  S  1 . 1 4  1 6 8  2 0  7 . 9 5  
1 7  - 8 1 . 2 0  1 0 2  1 2  - 1 . 1 4  1 6 8  2 2  1 2 . 7 2  
2 1  - 9 1 . 6 0  1 0 2  1 5  2 3 . 3 8  1 6 8  3 2  2 . 2 3  
5 0  8 1 . 2 0  1 0 2  1 9  - 2 1 0 . 6 5  1 6 8  3 4  2 . 2 0  
5 1  1 . 0 0  1 0 2  5  c i  0 . 5 0  1 6 8  5 7  1 . 0 0  
5 8  1 . 0 0  1 0 2  5 9  0 . 5 0  1 6 8  8 6  - 5 8 . 6 2  
5 9  1 . 0 0  1 0 2  6 5  1 . 0 0  1 6 9  2  1 3 8 . 5 3  
6 0  1 . 0 0  1 0 2  8 6  - 2 3 . 3 8  1 6 9  6  2 . 9 5  
6 4  1 . 0 0  1 0 3  2  - 2 3 . 3 8  1 6 9  7  2 . 0 1  
8 6  - 2 8 . 5 5  1 0 3  3  1  . 0 0  1 6 9  8  0 . 4 0  
2  - 2 9 . 8 7  1 0 3  8  1 . 1 4  1 6 9  9  0 . 3 1  
3  1 . 0 0  1 0 3  1 2  - 1 . 1 4  1 6 9  1 0  0 . 6 1  
7  0 . 6 5  1 0 3  1 5  2 3 . 3 8  1 6 9  1 1  0 . 7 1  
1 1  1 . 6 5  1 0 3  1 9  - 2 1 0 . 6 5  1 6 9  1 2  - 6 . 9 9  
1 2  - 2 . 3 0  1 0 3  5 8  0 . 5 0  1 6 9  1 3  4 . 8 0  
1 4  2 7 . 6 9  1 0 3  5 9  0 . 5 0  1 6 9  1 4  8 . 7 5  
1 6  2 . 1 3  1 0 3  6 6  1 . 0 0  1 6 9  1 5  1 3 . 7 4  
1 7  — 8 0 , 6 0  1 0 3  8 6  - 2 3 . 3 6  1 6 9  1 6  - 1 6 5 . 8 2  
2 1  - 9 1 . 0 0  1 0 4  2  - 2 3 . 3 %  1 6 9  1 9  2 1 6 . 6 0  
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4 4  1 5  2 8 . 2 5  
4 4  1 6  3 . 3 0  
4 4  2 0  - 9 4 . 0 0  
4 4  5 2  1 . 0 0  
4 4  5 8  1 . 0 0  
4 4  5 9  1 . 0 0  
4 4  7 2  1 . 0 0  
4 4  0 5  3 0 . 7 0  
4 4  8 6  - 3 1 . 5 5  
4 5  1  1 . 0 0  
4 5  2  - 2 1 . 4 5  
4 5  3  1 . 0 0  
4 5  8  0 . 5 3  
4 5  1 1  4 . 4 0  
4 5  1 2  - 7 . 0 1  
4  5  1 5  1 8 . 1 5  
4 5  1 6  3 . 3 0  
4 5  2 0  - 1 0 6 . O C  
4 5  5 2  1 . 0 0  
4 5  5 8  1 . 0 0  
4 5  5 9  1 . 0 0  
4 5  7 7  1 . 0 0  
4 5  •  8 5  2 6 . 6 0  
4 5  8 6  - 2 1 . 4 5  
4 6  1  1 . 0 0  
4 6  2  - 2 9 . 4 3  
A C T *  K . ( i W  L i !  E H  —  
N U .  N O .  F i C I C N T  
L  1 9  2  - 3 1 . 9 9  
1 1 9  3  1 . 0 0  
1 1 9  9  2 . 0 7  
1 1 9  1 0  1 . 4 1  
1 1 9  1 1  2 . 3 7  
1 1 9  1 2  - 5 . 7 3  
1 1 9  1 5  1 . 9 3  
1 1 9  1 6  3 0 . 0 6  
1 1 9  1 3  - 1 2 0 . 0 0  
1 1 9  4 9  - 1 2 0 . 0 0  
1 1 9  5 1  2 . 4 9  
1 1 9  5 8  2 . 4 9  
1 1 9  6 5  
o
 
o
 
1 1 9  8  6  —  3 1 . 9 9  
1 2 0  2  - 3 1 . 9 9  
1 2 0  3  1 . 0 0  
1 2 0  9  2 . 0 7  
1 2 0  1 0  1 . 4 1  
1 2 0  1 1  2 . 3 7  
1 2 0  1 2  - 5 . 7 3  
1 2 0  1 5  1 . 9 3  
1 2 0  1 6  3 0 . 0 6  
1 2 0  1 8  - 1 2 0 . 0 0  
1 2 0  4 9  - 1 2 G . 0 0  
1 2 0  5 1  2 . 4 9  
1 2 0  5 Ô  2 . 4 9  
1 2 0  6 6  1 . 0 0  
1 2 0  8 6  - 3 1 . 9 9  
1 2 1  2  - 3 1 . 9 9  
1 2 1  3  1 . 0 0  
1 2 1  9  2 . 0 7  
1 2 1  1 0  1 . 4 1  
1 2 1  1 1  2 . 3 7  
1 2 1  1 2  - 5 . 7 3  
1 2 1  1 5  1 . 9 3  
1 2 1  1 6  3 0 . 0 6  
1 2 1  1 8  - 1 2 0 . 0 0  
1 2 1  4 9  - 1 2 0 . 0 0  
1 2 1  5 1  2 . 4 9  
1 2 1  5 6  2 . 4 9  
1 2 1  6 7  1 . 0 0  
1 2 1  8 6  - 3 1 . 9 9  
1 2 2  2  - 3 1 . 9 9  
1 2 2  1 . 0 0  
1 2 2  9  2 . 0 7  
1 2 2  1 0  1 . 4 1  
C T .  R O W  C O Î - F -
0 .  N O .  r Î C i  E N T  
1 9 4  2 4  - 2 . 2 4  
1 9 4  2 6  0 . 5 6  
1 9 4  3 2  - 1 . 0 0  
1 9 4  8 6  - 0 . 0 1  
1 9 5  2  - 0 = 3 8  
1 9 5  6  0 . 1 5  
1 9  5  1 2  - 2 . 2 9  
1 9 5  2 4  - 5 . 1 4  
1 9 5  2 6  - 3 . 2 2  
1 9 5  3 3  - 1 . 0 0  
1 9 5  8 6  - 0 . 0 4  
1 9 6  2  - 0 . 8 9  
1 9 6  6  0 . 3 2  
1 9 6  1 2  - 6  . 4 3  
1 9 6  2 4  - 9 . 0 0  
1 9 6  2 6  9 . 0 0  
1 9 6  3 4  - 1 . 0 0  
1 9 6  8 6  - 0 . 1 2  
1 9 7  2  - 0 . 2 5  
1 9 7  6  0 .  3 4  
1 9 7  1 2  - 1 . 7 8  
1 9 7  2 4  - 2 . 5 0  
1 9 7  2 6  2 . 5 0  
1 9 7  3 7  - 1 . 0 0  
1 9 7  o 6  - 0 . 0 3  
1 9 8  2  — 4  .  9 4  
1 9 8  6  3 . 5 7  
1 9 8  1 2  - 3 5 . 7 1  
1 9 8  2 4  - 5 0 . 0 0  
1 9 8  2 6  5 0 . 0 0  
1 9 8  4 0  - 1 . 0 0  
1 9 8  8 6  - 0 . 6 9  
1 9 9  2  - 5 . 0 2  
1 9 9  6  3 . 6 3  
1 9 9  1 2  - 3 6 . 3 2  
1 9 9  2 4  - 5 0 . 8 5  
1 9 9  2 6  5 0 . 8 5  
1 9 9  4 2  - 1 . 0 0  
1 9 9  8 6  - 0 . 7 0  
2 0 0  2  - 3 . 3 5  
2 0 0  6  2 . 4 2  
2 0 0  1 2  - 2 4 . 2 1  
2 0 0  2 4  - 3 3 . 9 0  
2 0 0  2 6  3 3 . 9 0  
2 0 0  4 3  - 1 . 0 0  
2 0 0  8 6  - 0 . 4 7  
A C T .  R O W  C U £ F -
N O .  i \ ' U .  f l C l ' L N J  
4 6  3  1 . 0 0  
4 6  8  0 . 5 3  
4 6  1 1  4 . 4 0  
4  6  1 2  - 7 . 0 1  
4 6  1 5  2 6 . 1 3  
4  6  1 6  3 . 3 0  
4 6  2 0  - 1 0 4 . 0 0  
4 6  5 2  1 . 0 0  
4 6  5 8  1 . 0 0  
4 6  5 9  1 . 0 0  
4 6  6 4  1 . 0 0  
4 6  8 5  2 6 . 4 0  
4 6  ' 6 6 .  - 2 9 . 4 3  
4  7  1  1 . 0 0  
4 7  2  - 2 1 . 4 5  
4 7  3  1 . 0 0  
4 7  8  0 . 5 3  
4 7  1 1  4 . 4 0  
4 7  1 2  - 7 . 0 1  
4 7  1 5  1 8 . 1 5  
4 7  1 6  3 . 3 0  
4 7  2 0  - 1 0 4 . 0 0  
4 7  5 2  1 . 0 0  
4 7  5 8  1 . 0 0  
4 7  5 9  1 . 0 0  
4  7  6 5  1 . 0 0  
4 7  8 5  2 6 . 2 0  
4 7  8 6  - 2 1 . 4 5  
4 8  1  1 . 0 0  
4 8  2  - 3 3 . 6 0  
4 6  3  1 . 0 0  
4 8  8  0 . 5 3  
4 8  1 1  4 . 4 0  
4 6  1 2  - 7 . 0 1  
4 8  1 5  3 0 . 3 0  
4 8  1 6  3 . 3 0  
4 8  2 0  - 1 0 2 . 0 0  
4 8  5 2  1 . 0 0  
4 8  5 8  1 . 0 0  
4 8  5 9  1 . 0 0 '  
4 8  6 6  1 . 0 0  
4 6  8 5  2 6 . 0 0  
4 6  8 6  - 3 3 . 6 0  
4 9  1  1 . 0 0  
4 9  2  - 3 3 . 6 0  
4 9  3  1 . 0 0  
ACT. kOW CGCr-
NO. NO. rICIENT 
1 2 2  1 1  2 . 3 7  
1 2 2  1 2  - 5 . 7 3  
1 2 2  1 5  1 . 9 3  
1 2 2  1 6  3 0 , 0 6  
1 2 2  1 8  - 1 2 0 . 0 0  
1 2 2  4 9  - 1 2 0 . 0 0  
1 2 2  5 1  2 . 4 9  
1 2 2  5 8  2 . 4 9  
1 2 2  6 0  1 . 0 0  
1 2 2  8 6  - 3 1 . 9 9  
1 2 3  2  - 3 1 . 9 9  
1 2 3  3  o
 
o
 
1 2 3  9  2 . 0 7  
1 2 3  1 0  1 . 4 1  
1 2 3  1 1  2 . 3 7  
1 2 3  1 2  - 5 . 7 3  
1 2 3  1 5  1 . 9 3  
1 2 3  1 6  3 0 . 0 6  
1 2 3  1 8  - 1 2 0 . 0 0  
1 2 3  4 9  - 1 2 0 . 0 0  
1 2 3  5 1  2 . 4 9  
1 2 3  5 8  2 . 4 9  
1 2 3  6 9  1 . 0 0  
1 2 3  8 6  - 3 1 . 9 9  
1 2 4  2  - 3 1 . 9 9  
1 2 4  3  1 . 0 0  
1 2 4  9  2 . 0 7  
1 2 4  1 0  1 . 4 1  
1 2 4  1 1  2 . 3 7  
1 2 4  1 2  - 5 . 7 3  
1 2 4  1 5  1 . 9 3  
1 2 4  1 6  3 0 . 0 6  
1 2 4  1 6  - 1 2 0 . 0 0  
1 2 4  4 9  - 1 2 0 . 0 0  
1 2 4  5 1  2 . 4 9  
1 2 4  5 8  2 . 4 9  
1 2 4  7 2  1  . 0 0  
1 2 4  8 1  1 . 0 0  
1 2 4  8 6  - 3 1 . 9  9  
1 2 5  2  - 1 7 . 9 8  
1 2 5  3  I  . 0 0  
1 2 5  9  3 . 1 5  
1 2 5  1 0  2 . 1 5  
1 2 5  1 1  1 . 9 0  
1 2 5  1 2  - 7 . 2 0  
1 2 5  1 4  2 . 8 5  
A C T ,  R O W  C O i l F -
N O .  N O .  F I C I L N T  
2 0 1  2  - 0 * 0 6  
2 0 1  6  0 . 0 4  
2 0 1  1 2  - 0 . 4 1  
2 0 1  2 4  - 0 . 5 8  
2 0 1  2 6  0 . 5 8  
2 0 1  4 6  - 1 . 0 0  
2 0 1  8 6  - 0 . 0 1  
2 0 2  2  —  0  .  0 6  
2 0 2  6  0 . 0 5  
2 0 2  1 2  - 0 . 4 6  
2 0 2  2 4  - 0 . 6 5  
2 0 2  2 6  0 . 6 5  
2 0 2  4 7  - 1 . 0 0  
2 0 2  8 6  - 0 . 0 1  
2 0 3  2  - 0 . 0 9  
2 0 3  6  0 . 0 1  
2 0 3  1 2  - 0 . 2 4  
2 0 3  1 3  0 . 0 4  
2 0 3  2 4  - 0 . 6 0  
2 0  3  2 6  0 . 4 8  
2 0 3  4 8  - 1 . 0 0  
2 0  3  3 6  - 0 . 0 1  
2 0 4  2  —  0  .  0 8  
2 0 4  6  0 . 0 1  
2 0 4  1 2  - 0 . 1 4  
2 0 4  1 3  0 . 0 6  
2 0 4  2 4  - 0 . 1 8  
2 0 4  2 6  0 . 1 4  
2 0 4  4 9  - 1 . 0 0  
2 0 4  8 6  - 0 . 0 1  
2 0 5  2  - 0 . 2 0  
2 0 5  6  0 . 0 0  
2 0 5  1 2  - 0 . 0 9  
2 0  5  1 3  0 . 1 6  
2 0 5  2 4  - 0  . 4 3  
2 0  5  2 6  0 . 3 4  
2 0 5  5 0  - 1 . 0 0  
2 0 5  8 6  - 0 . 0 2  
2 0 6  5 1  1  . 0 0  
2 0 6  5 2  - 1 . 0 0  
2 0 8  2  - 0 . 3 2  
2 0 8  6  0 . 0 1  
2 0 6  1 2  - 0 . 1 0  
2 0 8  1 3  0 . 2 9  
2 0 8  2 4  - 0 . 3  3  
2 0 8  2 6  0 . 2 6  
A C T .  R O W  C U e . F -  A C T .  
N O .  N U c  F i L l E N T  N O .  
4 9  b  0 . 5 3  1 2 5  
4 9  1 1  4 . 4 0  1 2 5  
4 9  1 2  - 7 . 0 1  1 2 5  
4 9  1 5  3 0 . 3 0  1 2 5  
4 9  1 6  3 . 3 0  1 2 5  
4  9  2 0  - 1 0 2 . 0 0  1 2 5  
4 9  5 1  1 . 0 0  1 2 5  
4 9  5 8  1 . 0 0  1 2 5  
4 9  5 9  1 . 0 0  1 2 6  
4 9  6 0  1 . 0 0  1 2 6  
4 9  6 7  1 . 0 0  1 2 6  
4 9  8 5 .  2 6 . 0 0  1 2 6  
4 9  8 6  - 3 3 . 6 0  1 2 6  
5 0  1  1 . 0 0  1 2 6  
5 0  2  - 3 0 . 7 5  1 2 6  
5  0  3  1 . 0 0  1 2 6  
5 0  8  0 . 5 3  1 2 6  
5 0  1 1  4 . 4 0  1 2 6  
5 0  1 2  - 7 . 0 1  1 2 6  
5 0  1 5  2 7 . 4 5  1 2 6  
5 0  1 6  3 . 3 0  1 2 6  
5 0  2 0  - 1 0 4 . 0 0  1 2 6  
5 0  5 2  1 . 0 0  1 2 6  
5 0  5 8  1 . 0 0  1 2 7  
5 0  •  5 9  1 . 0 0  1 2 7  
5 0  6 8  1 . 0 0  1 2 7  
5 0  8 5  2 6 . 2 0  1 2 7  
5 0  8 6  - 3 0 . 7 5  1 2 7  
5 1  1  1 . 0 0  1 2 7  
5 1  2  - 3 2 . 1 4  1 2 7  
5 1  3  1 . 0 0  1 2 7  
5 1  8  0 . 5 3  1 2 7  
5 1  1 1  4 . 4 0  1 2 7  
5 1  1 2  - 7 . 0 1  1 2 7  
5 1  1 5  2 6 . 8 4  1 2 7  
5 1  1 6  3 . 3 0  1 2 7  
5 1  2 0  - 1 0 4 . 0 0  1 2 7  
5 1  5 2  1 . 0 0  1 2 7  
5 1  5 8  1 . 0 0  1 2 8  
5 1  5 9  1 . 0 0  1 2 8  
5 1  6 9  1 . 0 0  1 2 %  
5 1  8 5  2 6 . 2 0  1 2 8  
5 1  8 6  — 3 2 . 1 4  1 2 8  
5 2  1  1 . 0 0  1 2 8  
5 2  2  - 2 9 . 4 3  1 2 #  
5 2  3  1 . 0 0  1 2 8  
C C E F - A C T .  k O W  C O C F -
F I C 1 Ë N T  N O .  N O .  r i C I L N T  
3 . 0 3  2 0 8  5 3  - 1 . 0 0  
1 1 . 2 3  2 0 8  8 6  — 0  . 0 3  
- 1 2 0 . 0 0  2 0 9  2  - 0 . 2 5  
1 2 0 , 0 0  2 0 9  6  0 . 0 1  
3 . 1 3  2 0 9  1 2  - 0 . 1 0  
3 . 1 3  2 0 9  1 3  0 . 2 3  
1 . 0 0  2 0 9  2 4  - 0 . 2 6  
- 1 7 . 9 8  2 0 9  2 6  0 . 2 1  
- 1 7 . 9 6  2 0 9  5 4  - 1 , 0 0  
1 . 0 0  2 0 9  8 6  — 0  . 0 3  
3 . 1 5  2 1 0  2  - 0 . 0 2  
2 . 1 5  2 1 0  6  0 . 0 1  
1 . 9 0  2 1 0  1 2  - 0 . 2 1  
- 7 . 2 0  2 1 0  2 4  - 0 . 2  5  
2 . 8 5  2 1 0  2 6  0 . 1 3  
3 . 0 3  2 1 0  5 5  - 1 . 0 0  
1 1 . 2 3  2 1 0  8 6  - 0 . 0 0  
- 1 1 4 . 0 0  2 1 1  2  - 0 . 0 1  
1 1 4 . 0 0  2 1 1  6  0 . 0 1  
3 . 1 3  2 1 1  1 2  - 0 . 1 8  
3 . 1 3  2 1 1  2 4  - 0 . 2 2  
1 .  0 0  2 1 1  2 6  0 . 1 1  
- 1 7 . 9 8  2 1 1  5 6  - 1 . 0 0  
- 1 7 . 9 8  2 1 1  8 6  - 0 . 0 0  
1 . 0 0  2 1 2  2  - 0 . 1 7  
3 . 1 5  2 1 2  6  0 . 0 1  
2 . 1 5  2 1 2  1 2  - 0 . 2 9  
1 . 9 0  2 1 2  1 3  0 . 1 2  
- 7 . 2 0  2 1 2  2 4  — 0  »  6 0  
2 . 0 5  2 1 2  2 6  0 . 4 8  
3 . 0 3  2 1 2  5 7  •  - 1 . 0 0  
1 1 . 2 3  2 1 2  8 6  - 0 . C 2  
- 1 0 2 . C O  2 1 3  2  •  - 0 . 0 5  
1 0 2 . 0 0  2 1 3  6  0 . 0 1  
3 . 1 3  2 1 3  1 2  - 0 . 2 4  
3 . 1 3  2 1 3  2 4  — 0  .  6 0  
1 . 0 0  2 1 3  2 5  0 . 0 4  
- 1 7 . 9 3  2 1 3  2 6  0 . 4 8  
- 1 0 . 3 3  2 1 3  4 8  - l . C O  
l . C O  2 1 3  8 6  - 0 . 0 2  
0 . 7 8  2 1 4  2  - 0 . 0 3  
0 . 6 9  2 1 4  6  0 . 0 1  
—  1 . 4 7  2 1 4  1 2  - 0 . 1 4  
1 . 5 3  2 1 4  2 4  - 0 . 1 8  
9 . 0 0  2 1 4  2 5  0 . 0 6  
0 . 6 4  2 1 4  2 6  0 .  1 4  
241 
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NU. 
1 5  
16  
18 
4 9  
5 Z  
ol 
7 4  
66 
2 
3  
9  
1 0  
1 1  
12 
1 4  
1 5  
16 
1 8  
4 9  
5 2  
6 1  
7 5  
8 b  
2 
3  
9  
10 
1 1  
12 
1 4  
1 5  
16 
18 
4 9  
5 2  
61 
7 6  
66 
2 
4  
6 
7  
12 
1 3 
14 
5 8  
A C T  
N O .  
5 2  
52 
bZ 
5 2  
5 2  
5 2  
5 2  
5 2  
5 2  
5 2  
5 2  
5 2  
5 3  
5 3  
5 3  
5 3  
5 3  
5 3  
5 3  
5 5  
5 3  
5 3  
5 3  
5 3  
5 3  
5 3  
5 3  
5 4  
5 4  
5 4  
5 4  
5 4  
5 4  
5 4  
5 4  
5 4  
5 4  
5 4  
5 4  
5 4  
5 4  
5 4  
5 5  
5 5  
5 5  
5 5  
242 
R O W  C U E f —  
N O .  F I C I E N T  
6  0 . 5 3  
1 1  4 . 4 0  
1 2  - 7 . 0 1  
1 5  2 6 . 1 3  
1 6  3 . 3 0  
2 0  - 1 0 4 . 0 0  
5 2  1 . 0 0  
5 8  1 . 0 0  
5 9  1 . 0 0  
7 0  I . 0 0  
8 5  2 6 . 4 0  
6 6  - 2 9 . 4 3  
1 .  1 . 0 0  
2  - 3 2 . 6 7  
3  1 . 0 0  
a  0 . 5 3  
1 1  4 . 4 0  
1 2  - 7 . 0 1  
1 5  2 9 . 3 7  
1 6  3 . 3 0  
2 0  - 1 0 4 . 0 0  
5 2  1 . 0 0  
5 8  1 . 0 0  
5 9  1 . 0 0  
7 1  i . O O  
8 5  2 6 . 4 0  
8 6  - 3 2 . 6 7  
1  1 . 0 0  
2  - 3 4 . 7 1  
3  1 . 0 0  
6  0 . 5 3  
1 1  4 . 4 0  
1 2  - 7 . 0 1  
1 5  3 1 . 4 1  
1 6  3 . 3 0  
2 0  - 1 0 2 . 0 0  
5 2  1 .  0 0  
5 6  1 . 0 0  
5 9  1 . 0 0  
7 2  1 . 0 0  
8 5  2 6 . 0 0  
8 6  - 3 4 . 7 1  
2  - 2 6 . 5 5  
3  1 . 0 0  
7  0 . 6 5  
1 1  1 . 6 5  
A C T .  K O k  C C f r -
N Û .  N O .  F I C I L N T  
A C T .  R O W  C O E F -
N O .  M O .  F I C I E N T  
2 8  5 9  0 . 6 4  2 1 4  4  9  - 1 . 0 0  
2 8  6 1  1 . 0 0  2 1 4  6  6  - 0 . 0 2  
2 8  8 6  - 1 0 . 3 3  2 1 5  2  —  0 . 0 8  
2 9  2  - 2 2 . 2 0  2 1 5  6  0 . 0 0  
2 9  4  1  . 0 0  2 1 5  1 2  - 0 . 0 9  
2 9  7  0 . 0 6  2 1 5  2 4  - 0  «  4 3  
2 9  1 0  0 . 2 6  2 1 5  2 5  0 . 1 6  
2 9  1 1  1 . 1 0  2 1 5  2 6  0 . 3 4  
2 9  1 2  - 1 . 4 2  2 1 5  5 0  - 1 . 0 0  
2 9  1 5  2 . 1 8  2 1 5  3 6  — 0  s  0 6  
2 9  1 6  2 0 . 0 2  2 1 8  2  - 0 . 1 3  
2 9  5 1  0 . 6 2  2 1 8  6  0 . 0 1  
2 9  5 8  0 . 6 2  2 1 9  1 2  - 0 . 1 0  
2 9  8 0  1 . 0 0  2 1 8  2 4  - 0 . 3 3  
2 9  6 6  - 2 2 . 2 0  2 1 8  2 5  0 . 2 9  
3 0  2  - 2 2 . 2 0  2 1 8  2 6  0 . 2 6  
3 0  4  1 . 0 0  2 1 8  5 3  - 1 . 0 0  
3 0  7  0 . 0 6  2 1 8  8 6  - 0 . 0 9  
3 0  1 0  0 . 2 6  2 1 9  2  - 0 . 1 0  
3 0  1 1  1  .  1 0  2 1 9  6  0 . 0 1  
3 0  1 2  - 1 . 4 2  2 1 9  1 2  - 0 .  1 0  
3 0  1 5  2 .  I B  2 1 9  2 4  - 0 . 2 6  
3 0  1 6  2 0 . 0 2  2 1 9  2 5  0 . 2 3  
3 0  5 1  0 . 6 2  2 1 9  2 6  0  . 2 1  
3 0  5 8  0 . 6 2  2 1 9  5 4  - 1 . 0 0  
3 0  6 3  l . C O  2 1 9  6 6  - 0 . 0 6  
3 0  8 6  - 2 2 . 2 0  2 2 0  2  - 0 . 0 1  
3 1  2  - 9 .  1 4  2 2 0  6  0 . 0 1  
3 1  4  1  .  0 0  2 2 0  1 2  - 0 . 2 1  
3 1  9  3 . 1 5  2 2 0  2 4  - 0 . 2 5  
3 1  1 0  0 . 3 5  2 2 0  2 6  0 . 1 3  
3 1  1 2  - 3 . 5 0  2 2 0  5 5  - 1 . 0 0  
3 1  1 4  1 . 8 5  2 2 0  8 6  - 0 . 0 2  
3 1  1 5  3 . 0 3  2 2 1  2  - 0 . 0 1  
3 i  1  6  4 . 2 6  2 2 1  6  0 . 0 1  
3 1  1 8  - 8 4 . 0 0  2 2 1  1 2  - 0 . 1 8  
3 1  4 9  8 4 .  0 0  
3 1  5 2  1 .  5 2  
3 1  6 1  I  .  5 2  
3 i  0 2  I .  0  0  
3 1  8 6  - 9 .  1 4  
3 2  2  - 9 .  2 4  
3 2  4  1 .  0 0  
3 2  7  0 .  1 3  
3 2  1 0  0 .  4 6  
3 2  1 2  —  0 .  5 9  
2 2 1  2 4  - 0 . 2 2  
2 2 1  2 6  0 .  1 1  
2 2 1  5 6  - 1 . 0 0  
2 2 1  8  6  - 0 . 0 2  
2 2 2  ? -  0  o  0  8  
2 2 2  6  0 . 0 1  
2 2 2  1 2  - 0 . 2  9  
2 2 2  2 4  - 0 . 6 0  
2 2 2  2 5  0 . 1 2  
2 2 2  2 6  0 . 4 3  
24] 
> C T .  R O W  C O E F ­ A C T  .  k ' C  i'vi C O E . F - A C T .  R O W  C O K F -
i O »  N O  a F I C I E N T  N U .  N  G  «  F I C I E N T  N O .  
%  
N O .  F I C I C N T  
5 5  1 2  - 2 . 3 0  1 3 2  1 4  8 . 8 7  2 2 2  5 7  - 1 . 0 0  
5 5  1 4  2 6 .  3 7  1 3 2  1 5  0 . 3 7  2 2 2  8 6  - 0 . 0 4  
5 5  1 6  2 . 1 8  i  3 2  1 9  - 1 7 6 . 8 2  2 2 3  2  — 6 6 . 0 0  
5 5  1 7  - 8 1 . 2 0  1 3 2  5 2  0 . 2 6  2 2 3  3  - 0 . 7 3  
5 5  2 1  - 9 1 . 6 0  1 3 2  6 1  0 , 2 6  2 2 3  4  - 0 .  1 0  
5 5  5 0  8 1 . 2 0  1 3 2  7 b  1 . 0 0  2 2 3  5  - 0 . 1 2  
5 5  5 1  1 . 0 0  1 3 2  8 6  - 9 . 2 4  2 2 3  1 3  4 7 . 0 0  
5 5  5 8  1 . 0 0  1 3 3  2  - 9 . 2 4  2 2 3  2 4  - 2 9 2 . 0 0  
5 5  5 9  1 . 0 0  1 3 3  4  1 . 0 0  2 2 3  2 6  2 7 7 . 0 0  
5 5  6 0  1 . 0 0  1 3 3  7  0 . 1 3  2 2 3  3 1  - 0 . 1  5  
5 5  6 8  1 . 0 0  1 3 3  10 G . 4 6  2 2 3  6 6  - 0 . 7 8  
5 5  8 6  - 2 8 . 5 5  1 3 3  1 2  - 0 . 5 9  2 2 3  3 1  - 0 .  1 0  
5 6  ?.. - 2 8 . 5 5  1 3 3  1 4  8 . 8 7  2 2 3  8 6  - 5 . 3 9  
5 6  3  1 . 0 0  1 3 3  1 5  0 . 3 7  2 2 4  3 1  - 0 . 1 5  
5 6  7  0 . 6 5  1 3 3  1 9  - 1 7 6 . 8 2  2 2 5  2  - 3 7 . 0 0  
5 6  1 1  1 . 6 5  1 3 3  5 2  0 . 2 6  2 2 5  3  - 0 . 7 8  
5 6  1 2  - 2 . 3 0  1  3 3  6 1  0 . 2 6  2 2 5  4  - 0 . 1 0  
5 6  1 4  2 6 . 3 7  1 3 3  7 9  1 . 0 0  2 2 5  5  - 0 . 1 2  
5 6  1 6  2 . 1 8  1 3 3  8 6  - 9 . 2 4  2 2 5  2 4  - 2 9 2 . 0 0  
5 6  1 7  - 8 1 . 2 0  1 3 4  2  —  9 . 2 4  2 2 5  2 5  4 7 . 0 0  
5 6  2 1  - 9 1 . 6 0  1 3 4  4  1 . 0 0  2 2 5  2 6  2 7 7 . 0 0  
5 6  5 0  8 1 . 2 0  1 3 4  7  C L . 1 3  2 2 5  3 1  0 . 8 4  
5 6  5 1  1 . 0 0  1 3 4  1 0  0 . 4 6  2 2 5  6 6  - 0 . 7 8  
5 6  5 8  1 . 0 0  1  3 4  1 2  - 0  a  5 9  2 2 5  8 1  - 0 . 1 0  
5 6  5 9  1 . 0 0  1 3 4  1 4  8 . 8 7  2 2 5  8 6  - 1 8 . 1 1  
5 6  6 0  1 . 0 0  1 3 4  1 5  0 . 3 7  2 2 6  3 1  0 . 6 4  
5 6  6 9  1 . 0 0  1 3 4  1 9  - 1 7 6 . 8 2  2 2 7  2  - 2 4 . 0 1  
5 6  8 6  - 2 8 . 5 5  1 3 4  5 2  0 . 2 6  2 2 7  3  - 0 . 7 3  
5 7  Z  - 1 9 . 1 9  1 3 4  6 1  0 . 2 6  2 2 7  4  - 0 .  1 0  
5 7  3  1 . 0 0  1 3 4  8 0  1 . 0 0  2 2 7  5  - 0 . 1 2  
5 7  7  G  .  5 4  1 3 4  8 6  - 9 . 2 4  2 2 7  1 6  2 4 . 0 1  
5 7  1 1  1 . 0 2  1 3 5  2  5 3 6 . 6 9  2 2 7  6 6  - 0 . 7 3  
5 7  1 2  - 1 . 5 6  1 3 5  6  7 . 5 4  2 2 7  8 1  - 0 .  1 0  
5 7  1 5  1 6 . 5 4  1 3 5  7  5 . 3 1  2 2 7  8 6  - 2 4 . 0 1  
5 7  1 6  2 . 6 5  1 3 5  8  1 . 9 2  2 2 9  2  2 4 . 0 1  
5 7  5 0  2 7 . 0 0  1 3 5  9  1 . 9 2  2 2 9  3  0 . 7 8  
5 7  5 1  0 . 6 3  1 3 5  1 0  3 . 5 1  2 2 9  4  0 . 1 0  
5 7  5 8  0 . 6 0  1 3 5  1 1  4 . 1 6  2 2 9  5  0 . 1 2  
5 7  5 9  0 . 6 8  1 3 5  12 - 2 4 . 3 6  2 2 9  1 6  - 2 4 . 0 1  
5 7  6 0  0 . 6 8  1 3 5  1 3  4 0 . 0 0  2 2 9  6 6  - 0 . 7  a  
5 7  6 2  - 2 7 . 0 0  1 3 5  1  4  - 2 7 9 . 0 3  2 3 1  2  - 1 . 2 2  
5 7  6 5  1 . 0 0  1 3 5  1  6  - 2 9 7 . 6 6  2 3 1  1 3  0 . 2 8  
5 7  S o  - 1 9 . 1 9  1 3 5  1 7  1 0 5 . 5 2  2 3 1  2 3  - 2 0 . 9 0  
5 8  2  - 1 9 . 1 9  1 3 5  1 8  1 . 0 9  2 3 1  2 5  2 . 5 2  
5 8  3  1 . 0 0  1 3 5  4 0  1 . 0 0  2 3 1  5 8  - 1 . 0 0  
5 a  7  0 . 5 4  1 3 5  4 2  1 . 0 0  2 3 1  8 6  - 0 . 8 2  
2# 
\ C 1 .  R O W  C O E F ­ A C T .  
y i O .  N O .  F I C I E N T  N O .  
5 8  1 1  1 . 0 2  1 3 5  
5 8  1 2  - 1 . 5 6  136 
5 8  1 5  1 6 . 5 4  1 3 6  
5 8  1 6  2 . 6 5  1 3 6  
5 8  5 0  2 7 . 0 0  1 3 6  
5 8  5 1  0 . 6 8  1 3 6  
5 8  5 8  0 . 6 8  1 3 6  
5 8  5 9  0 . 6  8  1 3 6  
5 8  6 0  0 . 6 8  1 3 6  
5 8  6 2  - 2 7 . 0 0  1 3 6  
5 8  6 6  1 . 0 0  1 3 6  
5 8  8 6  - 1 9 . 1 9  1 3 6  
5 9  2  - 1 9 . 1 9  136 
5 9  3  1 . 0 0  1 3 6  
5 9  7  0 . 5 4  136 
5 9  1 1  1 . 0 2  1 3 6  
5 9  1 2  - 1 . 5 6  1 3 6  
5 9  1 5  1 6 . 5 4  1 3 6  
5 9  1 6  •  2 . 6 5  1 3 7  
5 9  5 0  2 7 . 0 0  1 3 7  
5 9  5 1  0 . 6 8  1 3 7  
5 9  5 8  0 . 6 8  1 3 7  
5 9  5 9  0 . 6 8  1 3 7  
5 9  6 0  0 . 6 8  1 3 7  
5 9  6 2  - 2 7 . 0 0  1 3 7  
5 9  7 1  1 . 0 0  137 
5 9  8 6  - 1 9 . 1 9  137 
6 0  2  - 1 9 . 1 9  .  1 3 7  
6 0  3  1 . 0 0  1 3 7  
6 0  7  0 . 5 4  1 3 7  
6 0  1 1  1 , 0 2  1 3  7  
6 0  1 2  —  1 . 5 6  1 3 7  
6 0  1 5  1 6 . 5 4  1 3 7  
6 0  1 6  2 . 6 5  1 3 8  
6 0  5 0  2 7 . 0 0  1 3 8  
6 0  5 1  0 . 6 3  1 3 8  
6 0  5 8  0 . 6 8  1 3 8  
6 0  5 9  0 . 6 8  1 3 8  
6 0  6 0  0 . 6 8  . 1 3 8  
6 0  6 2  - 2 7 . 0 0  1 3 8  
6 0  7 2  1 . 0 0  1 3 8  
6 0  8 6  - 1 9 . 1 9  1 3 8  
6 1  2  - 2 0 . 2 5  1 3 8  
6 1  3  1 . 0 0  1 3 8  
6 1  7  0 . 6 5  1 3 3  
6 1  1 1  1 . 6 5  1 3 8  
C O E F ­ A C T .  R O W  C O E F ­
F I C I E N T  '  N O .  N O .  F I C I E N T  
- 9 2 . 8 0  2 3 2  2  - 4 . 3 8  
1 0 2 6 , 7 9  2 3 2  1 3  0 . 5 4  
1 4 . 5 2  2 3 2  2 3  - 1 4 . 0 0  
7 . 4 3  2 3 2  2 5  1 0 . 2 6  
3 . 8 9  2 3 2  5 1  - 1 . 0 0  
3 .  8 8  2 3 2  5 2  - 0 . 2 6  
8 .  1 5  2 3 2  5 9  - 1 . 1 5  
7 . 8 9  2 3 2  8 6  - 3 . 2 7  
- 4 5 . 7 5  2 3 3  2  - 5 . 8 2  
- 1 5 0 . 2 2  2 3 3  1 3  0 . 7 2  
- 2 5 8 . 6 1  2 3 3  2 3  - 1 6 . 8 5  
- 2 3 2 . 3 5  2 3 3  2 5  1 3 . 6 3  
- 3 5 5 . 6 1  2 3 3  6 0  - 1 . 0 0  
2 1 1 . 3 5  2 3 3  8 6  - 4 . 3 5  
2 . 1 8  2 3 4  2  - 1 3 . 7 6  
1 . 0 0  2 3 4  1 3  3 . 1 5  
1 . 0 0  2 3 4  2 3  - 3 1 . 5 2  
- 1 0 1 . 9 4  2 3 4  2 5  2 8 . 3 7  
2 2 0 . 9 7  2 3 4  6 1  - 1 . 0 0  
1 . 7 6  2 3 4  8 6  - 9 . 2 3  
2 . 6 5  2 3 5  2  - 1 . 4 0  
0 . 9 6  2 3 5  6  - 1 . 0 0  
0 - 9 6  2 3 5  1 3  1 . 4 0  
1 . 7 6  2 3 5  8 6  - 1 . 4 0  
2 . 0 8  2 3 6  2  - 1 . 4 0  
- 1 0 . 1 7  2 3 6  7  - 1 . 0 0  
— 6 8 . 0 7  2 3 6  1 4  1 . 4 0  
4 . 3 8  2 3 6  8 6  - 1 . 4 0  
- 1 0 5 . 6 1  2 3 7  2  - 1 . 4 0  
- 5 1 . 6 7  2 3 7  8  - 1 . 0 0  
1 2 . 2 1  2 3 7  1 5  1 . 4 0  
1 . 0 0  2 3 7  8 6  - 1 . 4 0  
- 5 5 . 7 6  2 3 8  2  - 1 . 4 0  
4 2 7 . 8 6  2 3 8  9  - 1 . 0 0  
5 . 8 2  2 3 8  1 5  1 . 4 0  
3 . 7 2  2 3 8  8 6  - 1 . 4 0  
1 . 9 4  2 3 9  2  - 1 . 4 0  
1 . 9 4  2 3 9  1 0  - 1 . 0 0  
4 . 0 8  2 3 9  1 6  1 . 4 0  
3 . 9 4  2 3 9  8 6  - 1 . 4 0  
- 2 1 . 4 4  2 4 0  2  - 1 . 4 0  
- 2 2 . 7 7  2 4 0  1 1  - 1  . 0 0  
—  1 0 3  o  3  6  2 4 0  1 6  1 . 4 0  
- 1 0 0 . 2 1  2 4 0  8 6  - 1 . 4 0  
- 2 0 1 . 5 2  2 4 1  2  1 . 8 1  
2 4 . 4 2  2 4 1  1 6  - 1 . 8 1  
R O W  
N O .  
86 
2 
6 
7  
3  
9  
10 
i  i  
12 
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
4 1  
4 4  
86 
2 
Ô 
7  
8 
9  
10 
1 1  
12 
1 3  
1 4  
1 5  
16 
1 7  
4 0  
86 
2 
6 
7  
3  
9  
10 
1 1  
12 
1 3  
1 4  
1 5  
16 
1 7  
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A C T .  R O W  C O E F -  A C T .  R O W  C O E F -  A C T .  R O W  C O E F -
, N 0 .  N O .  F I C I E N T  N O .  N O .  F I C I E N T  N O ,  N O .  F I C I E N T  
6 1  1 2  - 2 . 3 0  1 3 8  4 1  1 . 0 0  2 4 1  6 3  1 . 0 0  
6 1  1 4  1 8 . 0 7  1 3 8  4 3  •  1 . 0 0  2 4 2  2  1 . 8 0  
6 1  1 6  2 . 1 6  1 3 8  8 6  - 1 1 5 . 0 0  2 4 2  1 6  - l . B O  
6 1  1 7  - 6 7 . 3 0  1 3 9  2  1 6 . 0 7  2 4 2  1 7  1 . 0 0  
6 1  2 1  - 7 6 . 5 0  1 3 9  9  0 . 0 9  2 4 3  2  - 0 . 0 4  
6 1  5 0  6 7 . 8 0  1 3 9  1 0  0 . 1 2  2 4 3  1 7  - 1 . 0 0  
6 1  5 1  1 . 0 0  1 3 9  1 1  0 . 0 4  2 4 3  2 2  1 . 0 0  
6 1  5 8  1 . 0 0  1 3 9  1 2  - 0 . 2 5  2 4 3  8 6  - 0 . 0 4  
6 1  5 9  1 . 0 0  1 3 9  1 5  1 7 . 1 4  2 4 4  2  3 . 4 3  
6 1  6 0  1 . 0 0  1 3 9  1 6  - 3 3 . 2 1  2 4 4  1 6  —  3  , 4 3  
6 1  6 8  1 . 0 0  1 3 9  '  1 7  5 . 5 6  2 4 4  6 2  1 . 0 0  
6 1  8 6  - 2 0 . 2 5  1 3 9  4 5  1 . 0 0  2 4 5  2  0 . 7 4  
6 2  2  - 2 0 . 2 5  1 3 9  8 6  - 1 7 . 9 2  2 4 5  1 6  - 0 . 7 4  
6 2  3  1 . 0 0  1 4 0  2  1 1 . 7 0  2 4 5  1 8  1 . 0 0  
6 2  7  0 . 6 5  1 4 0  6  0 . 5 0  2 4 6  1  - 1 . 0 0  
6 2  1 1  1 . 6 5  1 4 0  1 2  - 0 . 5 0  2 4 6  2  — 7  .  6 4  
6 2  1 2  - 2 . 3 0  1 4 0  1 3  1 0 .  8 6  246 1 3  0 . 9 4  
6 2  1 4  1 8 . 0 7  140 1 4  - 2 2 . 5 6  2 4 6  2 3  - 1 8 . 8 5  
6 2  1 6  2 . 1 8  1 4 0  1 7  0 . 7 5  2 4 6  2 5  1 7 . 9 1  
6 2  1 7  - 6 7 . 8 0  1 4 0  2 0  0 . 6 9  2 4 6  8 6  - 5 . 7 1  
6 2  2 1  - 7 6 . 5 0  1 4 0  3 2  0 . 0 8  2 4 7  2  - 2 . 8 0  
6 2  5 0  6 7 . 8 0  1 4 0  4 6  1 . 0 0  2 4 7  1 3  2 . 8 0  
6 2  5 1  1 . 0 0  140 8 4  1 . 0 0  2 4 7  2 3  - 2 . 8 0  
6 2  5 8  1 . 0 0  1 4 0  8 6  —  1 1 o  2 6  2 4 7  5 8  - 1 . 0 0  
6 2  5 9  1 . 0 0  1 4 1  2  3 5 . 3 5  2 4 7  8 6  - 0 . 2 8  
6 2  6 0  1 . 0 0  1 4 1  6  0 . 7 4  2 4 8  2  - 1 4 . 3 5  
6 2  6 9  1 . 0 0  1 4 1  7  0 . 2 7  2 4 8  1 3  1 4 . 3 5  
6 2  8 6  - 2 0 . 2 5  1 4 1  1 0  0 . 2 2  2 4 8  2 3  - 1 4 . 3 5  
6 3  2  - 6 . 5 2  1 4 1  1 1  0 . 2 7  2 4 8  5 1  - 1 . 0 0  
6 3  3  1 . 0 0  1 4 1  1 2  - 1 . 5 0  2 4 8  5 2  - 0 . 2 6  
6 3  8  0 . 5 4  1 4 1  1 3  1 0 . 7 9  2 4 8  5 9  - 1 . 1 5  
6 3  1 1  1 . 0 2  1 4 1  1 4  —  9 . 6 1  2 4 8  8 6  - 1 .  4 4  
6 3  1 2  - 1 . 5 6  1 4 1  1 5  - 2 7 . 3 4  2 4 ^ '  2  - 3 1 . 5 2  
6 3  1 5  1 3 , 8 7  1 4 1  1 6  - 9 . 1 9  2 4  1 3  3 1 . 5 2  
6 3  1 6  2 . 6 5  1 4 1  1 7  2 . 2 4  2 4 9  2 3  - 3 1 . 5 2  
6 3  5 0  2 1 . 0 0  1 4 1  2 0  1 . 3 9  2 4 9  6 0  - 1 . 0 0  
6 3  5 1  0 . 6 8  1 4 1  3 2  0 . 0 8  2 4 9  8 6  - 3 . 1 5  
6 3  5 8  0 . 6 8  1 4 1  4 6  1 . 0 0  2 5 0  2  - 1 0 . 8 0  
6 3  5 9  0 . 6 8  1 4 1  8 4  1 . 0 0  2 5 0  1 3  1 0 . 8 0  
6 3  6 0  0 , 6 8  1 4 1  8 6  - 3 8 . 2 1  2 5 0  2 3  - 1 0 . 8 0  
6 3  6 2  - 2 1 . 0 0  1 4 2  2  3 0 . 7 8  2 5 0  6 1  - 1 . 0 0  
6 3  6 5  1 . 0 0  1 4 2  6  2 . 9 4  2 5 0  8 6  - 1  . 0 8  
6 3  8 6  - 6 . 5 2  1 4 2  7  0 . 2 5  2 5 1  1  - 1 . 0 0  
6 4  2  - 6 . 5 2  1 4 2  a  0 . 0 8  2 5 1  2  - 1 8 . 8 5  
6 4  3  1 . 0 0  1 4 2  '  9  0 . 0 6  2 5 1  1 3  1 8 .  8 5  
6 4  8  0 . 5 4  142 1 0  0 . 0 5  2 5 1  2 3  - 1 8 . 8 5  
A C T  
N C .  
6 4  
6 4  
6 4  
6 4  
6 4  
6 4  
6 4  
6 4  
6 4  
6 4  
6 4  
6 4  
6 5  
6b 
6 5  
6 5  
6 5  
6 5  
6 5  
6 5  
6 5  
6 5  
6 5  
6 5  
6 5  
6 5  
6 5  
66  
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
6 7  
6 7  
6 7  
6 7  
R O W  C O E F ­ A C T .  R O i " !  C O E F ­ A C T .  R O W  C O E F ­
N O .  F I C I E N T  N O .  N O .  F I C I E N T  N U .  N O .  F I C I E N T  
1 1  1 . 0 2  1 4 2  1 1  0 . 1 0  2 5 1  8 6  - 1  . 8 9  
1 2  - 1 . 5 6  1 4 2  1 2  —  3  o  4 8  2 5 2  2  - C . G 4  
1 5  1 3 . 8 7  1 4 2  1 3  6 .  8 0  2 5 2  1 7  1 . 0 0  
1 6  2 . 6 5  1 4 2  1 4  — 4 . 6 6  2 5 2  2 2  - 1 . 0 0  
5 0  2 1 . 0 0  1 4 2  1 - 3  - 3 3 . 2 2  2 5 2  8 6  - 0 . 0 4  
5 1  0 . 6 8  1 4 2  1 6  0 . 3 0  2 5 3  5 3  2 0 . 0 0  
5 8  0 . 6 8  1 4 2  1 7  1 . 4 0  2 5 3  8 5  - 1 . 0 0  
5 9  0 . 6 8  1 4 2  1 9  1 9 . 3 0  2 5 4  5 4  2 0 . 0 0  
6 0  0 , 6 8  1 4 2  2 0  2 . 7 4  2  5 4  8 5  - 1 . 0 0  
6 2  - 2 1 . 0 0  1 4 2  3 2  0 . 2 4  2 5 5  5 5  2 0 . 0 0  
6 6  1 . 0 0  1 4 2  4 7  1 . 0 0  2 5 5  8 5  - 1 . 0 0  
8 6  - 6 . 5 2  1 4 2  8 4  1 . 0 0  2 5 6  5 6  2 0 . 0 0  
2  - 6 . 5 2  1 4 2  8 6  - 1 2 . 0 4  2 5 6  8 5  - 1 . 0 0  
3  1 . 0 0  1 4 3  2  3 2 . 8 0  2 5 7  2  - 1 . 7 7  
8  0 . 5 4  1 4 3  6  0 . 5 0  2 5 7  1 3  1 . 7 7  
1 1  1 . 0 2  1 4 3  7  2 . 4 4  2 5 7  2 2  - 1 . 0 0  
1 2  - 1 . 5 6  1 4 3  8  0 .  1 0  2 5 7  4 8  1 . 0 0  
1 5  1 3 . 8 7  1 4 3  9  0 . 0 5  2 5 7  8 6  - 1 . 7 7  
1 6  2 . 6 5  1 4 3  1 0  0 . 5 0  2 5 8  2  - 1 . 8 2  
5 0  2 1 . 0 0  1 4 3  1 1  0 . 3 0  2 5 8  1 3  1 . 8 2  
5 1  0 . 6 8  1 4 3  1 2  - 3 . 8 9  2 5 8  1 7  - 1 . 0 0  
5 8  0 . 6 8  1 4 3  1 3  6 . 8 3  2 5 8  5 0  1 . 0 0  
5 9  0 . 6 3  1 4 3  1 4  - 2 . 2 1  2 5 8  8 6  - 1 . 8 2  
6 0  0 . 6 8  1 4 3  1 5  - 4 . 6 7  2 5 9  2  - 0 . 7 6  
6 2  - 2 1 . 0 0  1 4 3  1 6  - 3 2 . 7 5  2 5 9  1 3  0 . 7 6  
7 1  1 . 0 0  1 4 3  1 7  1 . 1 9  2 5 9  1 8  - 1 . 0 0  
8 6  - 6 . 5 2  1 4 3  1 9  2 6 . 7 0  2 5 9  4 9  1 . 0 0  
2  - 6 . 5 2  1 4 3  2 0  2 . 5 2  2 5 9  8 6  - 0 . 7 6  
3  1 . 0 0  1 4 3  3 2  0 . 2 4  2 6 0  4 0  1 . 0 0  
8  0 . 5 4  1 4 3  4 7  0 . 6 2  2 6 0  4 1  - 1 . 0 0  
1 1  1 . 0 2  1 4 3  8 4  1 . 0 0  2 6 1  2  - 1 9 0 . 0 0  
1 2  - 1 . 5 6  .  1 4 3  8 6  - 1 1 . 9 8  2 6 1  1 3  1 9 0 . 0 0  
1 5  1 3 . 8 7  1 4 4  .  2  2 0 . 8 1  2 6 1  2 3  - 1 9 0 . 0 0  
1 6  2 . 6 5  1 4 4  6  0 . 5 0  2 6 1  5 7  - 1 . 0 0  
5 0  2 1 . 0 0  1 4 4  7  2 . 4 2  2 6 1  8 6  - 1 9 0 . 0 0  
5 1  0 . 6 8  1 4 4  3  0 . 1 0  2 6 2  2  - 2 6 . 0 0  
5 8  0 . 6 8  1 4 4  9  0 . 0 5  2 6 2  1 3  •  2 6 . 0 0  
5 9  0 . 6 8  1 4 4  1 0  0 . 0 5  2 6 2  2 3  - 2 6 . 0 0  
6 0  0 . 6 8  1 4 4  1 1  0 . 0 7  2 6 2  8 4  - 1 . 0 0  
6 2  - 2 1 . 0 0  1 4 4  1 2  - 3 . 1 9  2 6 2  8 6  - 2 6 . 0 0  
7 2  1 . 0 0  1 4 4  1 3  6 . 7 8  2 6 3  2  - 7 1 . 0 6  
8 6  - 6 . 5 2  1 4 4  1 4  - 4 . 2 6  2 6 3  2 3  - 1 9 0 . 0 0  
2  - 2 0 . 2 5  1 4 4  1 5  - l a  6 4  2 6 3  2 5  1 9 0 . 0 0  
3  1 . 0 0  1 4 4  1 6  - 2 1 . 6 9  2 6 3  5 7  - 1 . 0 0  
8  i .  1 4  1 4 4  1 7  0 . 4 3  2 6 3  8 6  - 5 7 . 7 8  
1 2  - 1 . 1 4  1 4 4  1 9  2 9 .  7 0  2 6 4  2  - 9 . 7 3  
24? 
ACT. ROW C O E F -  ACT. KCW CGtF-
NO. NO» FICIENT NU. Nu, 
6 7  1 5  2 0 . 2 5  1 4 4  2 0  1 . 0 9  
6 7  1 9  - 1 9 1 . 5 0  1 4 4  3 2  0 . 2 4  
6 7  5 8  0 . 5 0  1 4 4  47 0 . 6 2  
6 7  • 3  9  0 . 5 0  1 4 4  84 1  o  0 0  
6 7  6 4  1 . 0 0  1 4 4  6 6  -9.59 
6 7  8 6  - 2 0 . 2 5  1 4 5  2 2 3 .  1 4  
6 8  2  - 2 0 . 2 5  1 4 5  6 0 . 9 5  
6 8  3  I . 0 0  1 4 5  7 2 .  7 8  
6 8  8  •  1 .  1 4  1 4 5  a 0 . 0 0  
6 8  1 2  - 1 . 1 4  1 4 5  9  0 . 0 9  
6 8  1 5  2 0 . 2 5  1 4 5  1 0  0 . 2 8  
ACT. ROW COEF-
KU. NO, F I CI[NT 
2 6 4  2 3  - 2 6 . 0 0  
2 6 4  2 5  2 6 . 0 0  
2 6 4  8 4  - 1 . 0 0  
2 6 4  8 6  - 7 . 9 1  
2 6 5  1 3  1 . 0 0  
2 6 5  1 4  - 1 . 0 0  
2 6 6  1 4  1 . 0 0  
2 6 6  1 5  - 1 . 0 0  
2 6 7  1 5  1 . 0 0  
2 6 7  1 6  - 1 . 0 0  
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APPENDIX C. ANALYSIS OP 1984 PLANS FOR FARM A224 
Introduction 
Farm class A224 Is represented by synthetic farm A224 on 
soil group A. Farm A224 is a medium sized growing commercial 
farm with a satisfactory capital position. The 1984 low-income 
goal is $23,122. The land area of this farm includes 188 
tillable acres, 25 acres suitable for tame pasture, and 28 
acres of permanent pasture and woods.^ Eq.uity in the farm is 
estimated to be $23,768 in medium-term assets, and $42,172 in 
long-term assets. There are 882 farms represented by farm 
class A224 in the 1984 plan. 
The technical input/output coefficients for A224 are 
found in Part III of Appendix B. Each coefficient is identi­
fied by an activity number and a row number corresponding to 
the economic activities and constraints which make up the 
linear program for this farm. The column and row codes are 
identified in Part I of Appendix B. 
The optimal solution basis is in Tables C.l and C.2. The 
activities and the levels at which they enter the solution 
basis are in Table C.l. The inventory of resources, 
^The probability exists, however small it appeared in 
1964, that economically feasible techniques will make this 
latter land category more productive. These techniques could 
include cellulose destroying sprays and rough pasture renova­
tion systems not presently feasible. The rising cost of land 
and pressures to produce more food may force the application 
of these techniques to unused land. 
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under-employnient of the resources, and nature of the con­
straints are found in Table C.2. The first column contains 
the resource number; the second, the type of constraint 
(greater than, equal, or less than); the third, the description 
of the resource or constraint; the fourth, units of measure­
ment; and the fifth, the initial value for the constraint. 
The sixth and seventh columns contain the slack measurements 
and shadow costs. The shadow costs are the dollar effects on 
the Value of the objective function for unit changes in the 
initial values of the constraints. A positive shadow cost 
means that a reduction of the value of a constraint by one 
unit would change the value of the objective function by the 
amount of the shadow cost. 
Low-Income Plan 
Crop production 
Table C.l shows that crop production includes corn, soy­
beans, forage sorghum, pasture, and meadow.^ All crops in the 
2 plan receive the high level of fertilization. Soybeans are 
the most important crop, with l46 acres in the plan as opposed 
to 40 acres in 1964. Variable cash costs for soybeans are 
$19.19 per acre. Corn enters the plan to meet livestock feed 
requirements. Corn is planted on 35 acres with variable costs 
^For a description of each activity refer the appropriate 
activity numbers from Table C.l to Appendix B, Part I. 
^See Table 7« 
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of I28.55 per acre. Improved pasture production is 4,4-20 
animal unit days (AUD) on 25 acres with variable costs of 
$9.24 per acre. 
Livestock production 
Two livestock activities are part of the plan. The two-
sow/four-litter system^ produces 385 market hogs from 24 sows. 
The contribution to net farm income is $1,026.79 per enter­
prise unit or $12,321.48 for the hog enterprise. Variable 
cash costs are $101.94 per unit. 
The beef cow/calf enterprise is the least cost way of 
using pasture. Twenty cows are bought. The net return per 
cow is $151.07.^ The overall contribution of beef to net farm 
income is $3,021.40. In 1964 there were no beef cows and 31 
sows on this farm. 
Capital borrowing, fixed costs, and profit rates 
Medium-term borrowing in the plan amounts to $3,880 for 
financing beef cows. Total fixed costs are $9,624 composed of 
$1,873 federal income tax, $232 state income tax, $2,789 net 
property tax, and $2,427 interest on outstanding debt. The 
a priori estimate of fixed cost to obtain the gross income 
goal was $13,640. 
^See the description of activity 136 in Appendix B, Part I. 
p 
Net returns and variable costs do not include cost of feed. 
^The collective cost of corn, silage, and pasture is not 
explicitly included. 
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The 1964 family living expenditure goal was $7,478. The 
1984 low level goal is $9,476. Realized net profit with this 
goal is 113,498. Overachievement is roughly $4,000 due to 
over-estimation of fixed costs when calculating the income 
goal. 
Net profit is 10 percent on an investment of $124,901. 
This profit is 9«7 percent and 9»0 percent of net worth of 
capital investment after charges of $1.00 and $1.50 per hour 
for labor and management.^ The rates of return to labor and 
management after charging 8 percent and 5 percent for capital 
are $2.57 and $5.32 per hour. No labor is hired in 1984. (In 
1964, 362 hours of part-time labor were hired in winter and 
spring periods.) 
Effects of Income Goal Changes on the 
Farm Operation 
As income goals are increased from $23,122 to $25,955 to 
$30,993, the farm operations intensify.^ Sow numbers increase 
from 24 in the low-income plan to 46 in the high-income plan. 
Corn replaces soybeans as the demand for corn as feed in­
creases. Table C.2 shows that hog farrowing and feeding 
^Management includes, supervision, co-ordination, and risk 
taking. 
p 
This information was obtained during the resource inven­
tory survey of extension agents described in Chapter V. 
^See Table C.3 and Figure C.l for a resume of the effects 
of the different income goals on the optimum plan for farm A224. 
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facilities are adequate to meet the intensification of the hog 
enterprise. The level of the beef cow/calf enterprise remains 
constant at 20 cows. 
Labor inputs increase by 45.6 percent from 1,364 to 1,986 
hours as the income goal increases by 3^ percent from the low 
to high level. Variable costs increase 17 percent from $8,206 
to |9s6l5' Capital investment remains constant. 
The rate of net profit with respect to labor and capital 
increases as the farm operation intensifies. After an allow­
ance of five percent for a return to investment, labor returns^ 
are $5.32, 15.9^» and $6.65 for the low-, medium-, and high-
income goals, respectively. The rates of net profit on 
investment after an allowance of $1.50 per hour for labor and 
management are respectively 9.0, 11.0, and 13.0 percent of the 
net worth of the firm for each income goal. The ratios of net 
profit to Variable costs are $1.64, $1.80, and $2.02 for the 
three goals. All measures of the profit rate indicate increas­
ing returns to intensity of land use. 
Analysis of Results 
Farm size 
The scale of production for farm A224 is bounded only by 
the income goal. All land must be used by assumptions 
^Labor returns are expressed in terms of net profit. 
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Table C.l. Eeal activities in the 
for farm A224 using the 
optimal 1984 solution basis 
loTAT-income goal 
Activity-
name 
Activity-
description Units 
Activity-
level 
29 Corn acres 35.1 
34 Soybeans acres 146.2 
35 Forage sorghum acres 1.7 
109 Pasture acres 25.0 
125 Meadoixr acres 5.0 
136 Hogs head 12.2 
167 Beef co-w/calf head 20.5 
173 BorroTW capital $100 38.8 
205 Construct crop 
storage cwrt. 4409.0 
211 Construct silo cwt. TDN 1084.0 
2# Sell soybeans cwt. 3947.0 
245 Sell hay- cwrt. 567.6 
251 Buy forage harvestor s.f.a.u. 1.7 
252 Transfer c-wt. 266.2 
256 Store silage cwt. TDN 54.2 
260 Trajisfer head 12.2 
263 Buy- co-wrs head 20.5 
267 Transfer $100 112.8 
^Por a more detailed description of these activities see 
Part I of Appendix B. 
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Table C.2. Resource vector, resource slacks, and shadow 
costs for farm A224 for the low-income goal plan 
in 1984 
Eovj Row Resource or Endow­ Shadow 
name type constraint^ Units ment Slack cost 
1 1 Forage harvester s .f .a.*^ 0 0 5.27 
2 0 Net income — — — 23122. -0.17 
3 0 Row cropland acres 188. 0 -7.88 
4 0 Tame past, land acres 25. 0 -110.84 
5 1 Perm. past, land acres 28. 28. 0 
6 1 Labor Nov.-Feb. hours 1090. 728. 0 
7 1 Labor Mar.-Apr. hours 601. 358. 0 
8 1 Labor May hours 344. 283. 0 
9 1 Labor June hours 424. 348. 0 
10 1 Labor July-Aug. hours 790. 641. 0 
11 1 Labor Sept.-Oct. hours 648. 301. 0 
12 1 Labor annual hours — — — 2881. 0 
13 1 Cash Nov-Jan. fe 20269. 21647. 0 
14 1 Cash Feb-Apr. E 0 1830. 0 
15 1 Cash May-July 1 0 0 0 16 1 Cash Aug.-Oct. 0 21529. 0 
17 1 Shelled corn cwt. 0 0 0.39 
18 1 Hay cwt. 
AUD°-
0 0 0.13 
19 0 Pasture 0 0 -0.57 
20 1 Silage cwt.TDN 0 0 0.25 
21 1 Salvage past. AUD 0 3218. 0 
22 1 Ear corn cwt. 0 0 0.44 
23 1 Med. term 
capital base 23768. 23800. 0 
24 1 Long term 
capital base 42172. 46890. 0 
25 1 Med. term 
acct'g identity 0 0 0 
^1 indicates a less than or equal constraint. 0 indicates 
a strict equality. 
^Por a more detailed description of the constraints see 
Part II of Appendix B. 
'^Standard forage acre unit. See Appendix A, the sub­
section on machinery use coefficients. 
^AUD stands for animal unit days: 1 AUD = 16 lbs. TDN. 
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Table C.2. (Continued) 
Row Row Resource or Endow- Shadow 
name type constraint Units ment Slack cost 
26 1 Long term 
acct'g identity 0 0 0 
27 1 Short term 
acct'g identity 0 0 0 
28 1 Short term 
acct'g identity 0 0 0 
29 1 Short term 
acct'g identity fe 0 0 0 
30 1 Interest acct. P 0 0 0 
31 1 Acct'g identity - 0 0 0 
32 1 Unpaved 
683. 631. loafing area head 0 
33 1 Paved loafing 
area head 0 0 0 
34 1 Pole barn head 98. 53. 0 
35 1 Dairy barn head 0 0 0 
36 1 Dairy barn head 0 0 0 
37 1 Feed bunks head 4-0 . 40. 0 
38 1 Mech. auger 
system head 0 0 0 
39 1 Dairy parlor head 0 0 0 
4o 1 Farrowing fac. 1 sow 27. 14.8 0 
4l 1 Farrowing fac. 2 sows 0 0 0 
^2 1 Hog feeding fac. 1 sow 0 0 0 
43 1 Pig weaning fac. 2 sows 0 0 0 
44 1 Hog feeding fac. 2 sows 71. 58.8 0 
45 1 Hog feeding fac. 1 sow 0 0 0 
46 1 Sheep shelter head 0 0 0 
47 1 Sheep shelter head 0 0 0 
48 1 Crop storage cwt. 6l6o. 6160 . 0 
49 1 Crop storage cwt. 1300. 705. 0 
50 1 Crop storage cwt. 
s.c.a.u 
2390. 0 0 
51 1 Harvest tractor 690. 555 • 0 
52 1 Forage tractor s.c.a.u 352. 328. 0 
53 1 Silo cwt.TDN 0 0 0 
54 1 Silo cwt.TDN 0 0 0 
55 1 Silo cwt.TDN 0 0 0 
^Standard corn acre unit. See Appendix A, the sub­
section on machinery use coefficients. 
: G 
Ro-
ty; 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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(Continued) 
Resource or Endow-
constraint Units ment Slack 
Silo cwt.TDN 0 0 
Cows head 0 0 
Tillage mach. s.c.a.u 191. 5^*7 
Tillage tractor s.c.a.u 4l4. 278. 
Harvest mach. s.c.a.u 320. I85. 
Forage machinery S.f.a.u 2 2  0 
Soybeans cwt. 0 0 
Oats cwt. 0 0 
Ewes head 0 0 
Silage account -- 0 0 
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Table C.3. Summary of results of the 1984 optimum plans for 
farm AZZk for low-, medium-, and high-income 
goals 
Income goals 
Item Units Low Medium High 
Production 
Corn cwt. 2850.0 3670.2 5148 .1 
Soybean cwt. 3947.0 3672.0 3186 .0 
Silage cwt.TDN 163.2 166.0 163 .2 
Hay cwt. 600.0 588.0 600 .0 
Sows head 24.4 32.2 46 .0 
Beef cows head 20.5 20.5 20 .5 
Market hogs cwt. 384.7 507.6 725 .2 
Beef cwt. 152.7 152.7 152 • 7 
Resource use 
Corn acreage acres 35.1 45 .2 63 .4 
Soybean acreage acres 146.2 136.0 118 .0 
Silage acreage acres 1.7 1.7 1 .7 
Hay acreage acres 5.0 4.9 5 .0 
Labor^ -, hours 1364.0 1589.0 1986 .0 
Variable cost 8206. 8713. 9615 • 
Wet worth of 
investment 124,961. 125,067. 129,562 • 
Net profit 13498. 15692. 19435 • 
Family living 
expenditure 
9476. 17347 goal- ^ 5 12309. • 
Cash profit 5 9348. 11542. 15305 • 
^Labor includes the 20 percent allowance for management 
and supervision over and above actual family labor input. 
^Variable cost is the value of the objective function 
for each optimum plan. 
°Cash profit is the residual from gross sales after 
subtracting variable cost, fixed cost, and any addition to 
the value of assets. 
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Table C.3. (Continued) 
Item Units IJOW 
Income goals 
Medium High 
Profit rate 
after capital 
allowance^ 
Profit rate 
after labor 
allowance® 
Ratio of net 
profit to 
variable costs 
Federal Income 
tax 
Net property tax 
^/hour 
percent 
5.32 
9.0 
1.64 
1873. 
2789. 
5.94-
11.0 
1 .80  
2534. 
2795. 
6.65 
13.0 
2.02 
3868. 
2807. 
^The allowance for capital is five percent. This profit 
rate is the net return to labor calculated as follows: 
= (P - .051) 7 1.20 (L-C) 
where R-, is the rate of return to labor, P is net profits, I 
is net worth, L is farm labor input in hours, and C is 
labor used in construction of farm buildings. 
®This profit rate is expressed as a percentage of net 
worth of farm assets after an allowance of ^1.50 per hour 
of labor used for operation management and supervision of 
the farm. The rate is calculated as follows: 
Eg = (P - 1.20 X 1.50 (L-C)) 1 I 
where the symbols are the same as in foot note d above. 
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16000 
8000 
Family living expenditure goal 
Cash profit 
a Variable costs 
©" 
Federal income tax 
^ Labour use plus 20 percent 
120 Soybean acres 
80 _ 
40 
Corn acres 
Number of sows 
Q Number of cows 
^ Silage acres 
Low Medium High 
Income Goal Level 
Figure C.l. Graphical presentation of the parametric 
programing of farm A224 with low-, medium-, 
and high-income goals 
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reasoned out previously.^ The marginal cost of an extra acre 
of tillable land Is -$7.88. The marginal cost of pasture land 
Is -$110.84 per acre. These are composite values representing 
the Increase In the value of the objective function due to 
land acquisition. This Increase Is the Inverse of the normal 
marginal value productivity or shadow price concept Involved 
in profit maximization. With cost minimization, added re­
sources can increase total variable cost due to the additional 
levels of activities made possible. 
Cash on hand 
The amount of cash on hand in the optimum 1984 solution 
is excessively large. The cash on hand is made up of the 
stock of cash at the beginning of the fiscal year plus the net 
Income generated minus all variable cash costs. Prior to 
solution of the linear program, the initial cash stock was 
artificially inflated by selling all crop inventories to avoid 
their sale as part of the 1984 solution. Fixed costs, includ­
ing loan payments, are met from cash on hand. Family living 
expenditures and private savings are made from cash on hand. 
Any significant amount of cash in the hands of an attentive 
manager should be a temporary occurrence because of debt repay­
ment or investment in off-farm business enterprises. 
^See Chapter VII and the section on land use. 
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The problem of calculating an equity ratio 
It is essential that capital borrowing capacity go slack 
in each 1984 solution according to the principle that 196^ 
capital endowment not inhibit a static solution for 1984. The 
lack of dynamic accumulation of capital stock in Model II 
makes conclusions about 1984 equity nearly meaningless. How­
ever, for convenience an estimate of the debt position was 
accepted for a calculation of the farm's fixed costs with a 
small sacrifice in precision on the basis of total fixed costs. 
Fixed costs to the farm 
The estimate of fixed cost has a slight downward bias due 
to the way debt financing costs are calculated. The amount of 
outstanding debt is calculated on the basis of capital equity 
in the optimum solution. Most facility acquisitions cause a 
change in equity which is less than or cancels out new debt.^ 
Fixed costs include debt carrying charges. Therefore the 
method of calculating debt causes fixed costs to be underestimated. 
Capital borrowing in the linear program is based on 
security in the form of equity as described previously in 
Chapter III. For any facility acquisition adjustment of equity 
is two phased. First, the value of the new facility is added 
to borrowing power. Second, the amount of capital which must 
be borrowed, by a prearranged system, is subtracted from the 
firm's borrowing power. Whenever the loan/assessment ratio is 
less than one, equity in absolute terms increases. This in­
crease would cause the downward bias in the measure of out­
standing debt since equity after borrowing for additional 
capital could be greater than before the borrowing, ceteris 
paribus. 
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The relationship between net profit, cash profit, and, family 
living expenditure goal 
The balance of the income goal after deduction of actual 
fixed costs may be either larger or smaller than the family 
living expenditure base from which the goal is constructed. 
The income goal includes an a priori estimate of fixed costs 
to the firm. Net profit includes principal repayment and so 
reflects an increase of equity in assets or wealth, not to be 
confused with earning power.^ Farm A224 illustrates a case in 
which estimated fixed cost for calculating the income goal was 
insufficient to guarantee achievement of the family living ex­
penditure goal. Though net profit exceeds the family living 
expenditure goal at all levels, cash profit, analogous to 
family living expenditures, falls short by $2,04-2 at the high 
goal.^ The high family living expenditure goal is $17,347, 
while cash profit from the optimum plan is $15»305» 
Bates of return to capital and labor 
There are increasing returns to size with respect to 
capital and labor as the income goal increases. Note the rela­
tive slopes of the variable cost, labor, and cash profits 
lines between the medium and high goal levels in Figure C.l. 
^Earning power is the ability of assets to generate dis­
posable income or cash profit. 
p 
The calculation of cash profit depends on the considera­
tions discussed above in the subsection on the problem of 
calculating an equity ratio. 
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Rates of return to capital are measured by net profit relative 
to the quantity of capital managed by the operator, irrespec­
tive of ownership. By definition this capital is the net 
worth of the firm. Rates of return to labor and management 
are based on all labor used by the firm, including hired labor 
and a 20 percent adjustment for management and supervision. 
Both rates of return involve some double counting. In the case 
of capital the cost of financing outstanding debt is accounted 
for in the fixed cost prior to calculation of net profit. 
Similarly hired labor is paid before net returns are calcu­
lated. However, the measures of rate of return are only in­
dicators and with common bases for their calculations remain 
comparative. 
Summary 
The nature of production and measures of success of the 
1984 A224 farm operation with the low-income goal have been 
discussed. Soybeans, market hogs, and beef cow/calf enter­
prises were the main income earning activities. Corn was all 
fed to livestock. Hogs were the main source of additional 
farm income as the income goals increased. 
There were increasing returns to scale as measured by 
both labor and capital inputs. The rates of return to capital 
were 9.0, 11.0, and 13.0 percent for the low, medium and high 
goals, respectively. Labor returns per hour increased for the 
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same income goals from $5*32 to $5>9^ to $6.65 per hour. Farm 
size did not Increase over the range of Income goals. 
The analysis of results Indicated that there was some 
lack of precision in calculating the debt position of the farm. 
However, this lack of precision could be easily corrected and 
was not a serious factor in calculating fixed costs and cash 
profits. The analysis also showed that the a priori estima­
tion of fixed cost may over- or underestimate actual fixed 
costs. In this case actual fixed costs were over estimated 
and net profit for this farm exceeded family living expendi­
ture goals. 
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APPENDIX D. SUPPORTING DATA AND RESULTS FOR THE 1984 
AGRICULTURAL DEVELOPMENT PLAN FOR TENCO 
Table D.l. Selected descriptive Census data for TENCO by counties for 1959 and 1964^ 
Number of 
Total sales Average farms with 
Average Number of of agri. value of sales of 
farm 
) 
commercial products sales per $10,000 
Size (acres farms (tiooo) f arm (@) or over 
County 1964 1959 1964 1959 1964 1959 1964 1959 1964 1959 
Davis 237.3 212. 3 970 1009 9191 7634 7371 5516 299 164 
Marion 200.9 178. 1 1308 1514 21504 16875 13448 9102 668 544 
Keokuk 212.3 102. 0 1413 1535 22251 19214 13300 9930 844 655 
Appanoose 240 .9 203. 9 926 998 9320 7404 7^93 5096 313 231 
Wapello 184.3 166. 2 858 1020 11129 9918 8648 6504 265 305 
Van Buren 229.2 203. 2 957 1084 9987 7810 8022 5684 330 209 
Wayne 255.2 222. 9 1044 1158 12449 9425 9928 6572 450 278 
Monroe 235.0 209. 8 787 872 7068 6170 6836 5333 237 187 
Mahaska 197.6 172. 7 1529 1741 27877 24998 I5804 12013 913 816 
Lucas 232.7 201. 6 849 993 8628 8584 7931 6934 286 258 
Total 10641 11924 139,404 118,032 4105 3047 
Average 222.5 195. 3 9886 7268 
^This data was abstracted from the 1964 Census of Agriculture, Preliminary 
Report, 1966 (69). 
Table D.l. (Continued) 
Proportion 
of com. farms Number of Value of 
with less Number of Number of part -•time land 
than #10000 livestock dairy and part re­ per farm 
Kross sales farms farms tire . farms (Dollars) 
County 1964 1959 1964 1959 1964 1959 1964 1959 1964 1959 
Davis 69 .1 83. 7 585 697 80 105 277 375 30759 22788 
Marion 48 .9 64. 0 807 1139 94 70 291 340 44931 31840 
Keokuk 40 .1 57. 3 943 1094 34 25 250 400 47008 38059 
Appanoose 66 .2 76. 8 484 617 57 75 318 455 30452 21490 
Wapello 57 .4 70. 0 426 664 49 65 429 505 35779 32657 
Van Buren 69 .9 80. 7 531 682 48 85 288 290 31586 24140 
Wayne 56 .8 75. 9 561 765 87 95 210 285 33426 26236 
Monroe 69 .9 78. 5 517 682 49 65 247 285 23118 19804 
Mahaska 40 .3 53. 1 1000 1365 69 90 235 340 50568 44501 
Lucas 66 .2 74. 0 540 776 42 20 239 245 29431 23515 
Total 6394 1
—
1 00 00 
609 695 2784 3520 
Average 61 .4 74. 4 — — — — — 35705 28503 
Table D.l. (Continued) 
Average age 
of operator 
(years) 
Number of 
farms using 
fertilizers 
Fertilizer 
used (tons) 
Number of 
tractors, 
per farm 
Fuel & oil 
purchases 
per farm 
(Dollars) 
County- 1964 1959 1964 1959 1964 1959 1964 1959 1964 1959 
Davis 50 .9 49, .6 850 6l4 4480 3846 1, .81 1, .51 4.94 364 
Marion 49 .3 48, .7 841 351 5011 1318 2, .01 1, .67 551 396 
Keokuk 50 • 7 49. 4 1072 2610 9149 3682 2, .13 1, • 95 676 503 
Appanoose 51 .4 51. 0 710 580 4119 3048 1, .84 1, .60 487 366 
Wapello 51 • 5 50, .0 660 523 5532 3243 1, .82 1, .52 481 385 
Van Buren 52 .1 51. .8 867 673 6362 3208 1, .88 1. 78 468 368 
Wayne 51 .1 50. 1 840 601 4155 2637 1, .86 1, .71 6o4 479 
Monroe 51 .4 50. ,6 539 367 2425 1427 1, .61 1, .60 448 327 
Mahas ka 49 .7 48, .7 1088 597 7418 2981 2, .05 1, .91 587 475 
Lucas 50 .9 50, .1 641 407 3688 1750 1, .80 1, .63 518 365 
Total Ml *1 8108 5323 52339 27140 
Average 50 .9 50. ,0 1, .88 1. 68 531. 4 402 
^Does not include garden tractors. 
269 
Table D.2. Growth rate of family living expenditure according 
to age of farm operator of beginning and growing 
commercial farm classes projected for the high-
income goal in 1984 
Annual 
Age of rate of 
Year operator growth. 
Beginning farm class 
1964-1965 2.00 
1965-1966 27 2.25 
1966-1967 2^3 2.50 
1967-1968 29 2.75 
1968-1969 30 3.00 
1969-1970 31 3.25 
1970-1971 32 3.00 
1971-1972 33 3.75 
1972-1973 34 4.25 
1973-1984 35-45 4.75 
Growing commercial farm class 
1964-1965 36 2.50 
1965-1966 37 3.17 
1966-1967 38 3.83 
1967-1968 39 4.50 
1968-1984 40-55 4.50 
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Table D.3. Pricing assumptions for crops and livestock in 
terms of converted interior Iowa 1964 prices®' 
Month 
Commodity 
bought/ 
sold 
Exterior 
market 
Price 
(f) 
Corn Peb-Apr Chicago 1.796 
Soybeans Nov-Jan Chicago 3.434 
Oats Nov-Jan Chicago 1.814 
Hay Peb-Apr Iowa .736 
Beef choice Aug Chicago 24.958 
Good May Chicago 22.768 
Choice Oct Chicago 24.872 
Choice Aug Chicago 25.512 
Feeder steers Nov K. City 24.430 
Feeder calves Aug K. City 22.530 
Feeder calves Nov K. City 27.520 
Cows commercial Sept Chicago 15.649 
Calves Sept Iowa 23.513 
Brood cows Iowa 180.000 
Units 
cwt 
cwt 
cw t * -
cw t # 
cwt 
cw t « ^ 
cwt. 
cwt. 
cwt. ^ 
cw t # ^ 
cwt. 
cwt 
cwt * 
animal® 
d 
•d 
'd 
' e 
f 
^The conversion procedure is described by Chapter V. 
^Average of three month prices received by farmers from 
Agricultural Prices 1955-1964 (65). 
^Livestock and meat statistics I962, Table 156 (67). 
Supplement for 1964, Table 156 (68). 
^Livestock and meat statistics 1962, Tables 154 & 155 
(67). Supplement for 1964, Tables 154 & 155 (68). 
^Livestock and meat statistics 1962, Tables I6I-I63 (67). 
Supplement for 1964, Tables 16I-I63 (68). 
^Agricultural prices, annual summaries 196I-I964, Table 
44 (66). 
. Mogged, District economist. Cooperative Extension 
Service, Iowa State University, Ames, Iowa. Prices for 
Breeding stock. Private communication, ca. I965. 
271 
Table D.3. (Continued) 
Month 
Commodity 
bought/ 
sold 
Exterior 
market 
Price 
($) 
Pat hogs Feb 8 mkts. 18.207 
Fat hogs Aug 8 mkts. 16.910 
Fat hogs June 8 mkts. 17.010 
Fat hogs Dec 8 mkts. 15.285 
Fat hogs Sept 8 mkts. 16.186 
Weanling pigs May Iowa 12.588 
Weanling pigs Nov Iowa 12.893 
Weanling pigs March. Iowa 12.964 
Weanling pigs May Iowa 12.588 
Weanling pigs Sept Iowa 12.083 
Weanling pigs Nov Iowa 12.893 
Feeder pigs June Iowa 16.730 
Sows Aug 8 mkts. 15.764 
Sows Oct 8 mkts. 14.072 
Bred gilts Nov Iowa 40.000 
Dairy cows cull Jan,July-Aug St.Louis 13.880 
Vealers choice Dec-Apr Iowa 26.420 
Heifers all grades July-Aug 19.390 
Fluid milk annual Iowa 4.012 
Manufactured milk annual Iowa 3.143 
Units 
cwt. 
cwt. 
cwt. 
CVJ t # 
cwt • 
h 
h 
h 
h 
h. 
40 lb.. 
40 Ib.i 
40 lb.. 
40 lb.} 
40 lb.} 
40 Ib.i 
40 l%.i 
cwt * ^  
cwt. 
animal^ 
j 
k 
1 
m 
n 
cw t. 
cw t . 
cwt. 
cwt # 
cwt. 
^Livestock and meat statistics 1962, Tables 169-1?! (6?). 
Supplement for 1964, Tables 169-171 (68). 
^Midwest planning manual, Table 6.10 (34). 
^Livestock and meat statistics 1962, Tables 16I-I63 (67). 
Supplement for 1964, Tables 16I-I63 (68). 
^Livestock and meat statistics I962, Table l64 (67). 
Supplement for 1964, Table l64 (68). 
^Livestock and meat statistics I962, Table I60 (67). 
Supplement for 1964, Table I60 (68). 
"^Midwest farm planning manual I965, Table 6.6 (34). 
^Midwest farm planning manuax 1965» Table 6.8 (34). 
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Table D.3. (Continued) 
Month 
bought/ Exterior Price 
Commodity sold market (^) Units 
Fat sheep wooled 
shorn 
wooled 
Feeders 
Feeders 
Feeders 
Ewes cull 
Fat lambs spring 
Late feeder lambs 
Late fat lambs 
Bred ewes 
Feb Omaha 
May Omaha 
Oct Omaha 
Nov Omaha 
Feb Omaha 
Aug Omaha 
May-June Omaha 
June Omaha 
Sept Omaha 
Oct Omaha 
Oct Iowa 
18.973 owt.° 
22.924 cwt.° 
19.054 cwt.° 
13.450 cwt.P 
18.024 cwt.P 
16.286 cwt.^ 
5.464 cwt.^ 
21.234 owt.° 
17.697 cwt.P 
19.792 cwt.° 
26.000 animal^ 
^Midwest farm planning manual 1965, Table 6.3 (34). 
^Midwest farm planning manual 1965, Table 6.11 (34). 
^T. Wickersham, Associate professor, Department of 
Animal Science, Iowa State University, Ames, Iowa. Price 
information for sheep. Private communication, ça. 1965. 
I 
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Table D.4. Seasonal and annual farm family labor endowments 
assumed for farm classes in 1984 expressed as 
hours 
Farm November March July Sept. Annual 
name January April May June Aug. Oct. total 
A114 880 483 274 262 483 500 2882 
A12k 1090 601 344 424 790 648 3897 
A125 1090 601 344 424 790 648 3897 
A214 880 483 274 262 483 500 2882 
A224 1090 601 344 424 790 648 2897 
A225 1090 601 344 424 790 648 3897 
B114 950 551 602 554 540 542 3739 
B124 6^4 356 343 420 540 561 2874 
BI25 479 302 288 285 305 310 1969 
B214 791 jOO 462 458 464 461 3136 
B224 762 400 388 425 400 437 2812 
B215 551 313 325 330 309 314 2142 
B225 525 275 325 350 338 350 2163 
0124 1140 695 395 435 800 700 4165 
C214 900 650 335 335 580 580 3380 
C224 1038 637 387 437 741 691 3931 
C215 1010 605 348 348 650 610 3571 
Table D.5. Fertilization rates in pounds of elemental nitrogen, phosphorous, and 
potassium per acre for the 1984 low-income plan according to crop 
species and soil groups 
Nitrogen Phosphorous Potassium 
Crop species Soil A Soil B Soil G Soil A Soil B Soil C Soil A Soil B Soil C 
Corn (MP)^ 45 65 — — 15 15 — — 15 20 — — 
Corn (HF)^ 90 90 100 26 26 26 50 4o 4o 
Soybeans — — — — — — 10 5 10 15 — — 
Soybeans (HF) 
— — — 15 15 — — 30 30 
Silages (MF) 75 — — 15 — — 15 
Silages (HF) 115 110 110 21 41 11 50 4o 
Pasture (HP) __ M _ _ 13 13 ' 13 20 30 20 
®'MF means medium fertilization level. 
^HF means high fertilization level. 
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Table D.6. Effect of three income goals on farm planning 
solutions: Variable costs of farm operation 
(value of the objective function) in dollars 
per farm in TENCO for 1984 
Income goal level 
Farm name Low Medium High 
A114 11779 12142 12709 
A124 13126 13748 14848 
A125 14257 14628 15294 
A214 7788 8147 8692 
A224 8206 8713 9615 
A225 7029 7419 8II9 
B114 35851 36641 37867 
B124 14456 15332 16966 
BI25 10649 11587 13349 
B214 23467 24198 25355 
B224 7448 8008 9070 
B215 12154 12654 13570 
B225 5807 6273 7200 
C124 25327 26535 28750 
0214 11701 12405 13472 
C224 10999 11665 12851 
C215 7927 8443 9400 
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Table D.?. Effect of three income goals on farm planning 
solutions: Cash profit per farm in TENCO after 
deduction of wealth increment from net profit 
in dollars for 1984 
Income goal level 
Farm name Low Medium High 
k l l k  16969 18155 19960 
A124 20343 22219 25391 
A125 17351 18656 20916 
A214 6573 8156 10480 
A224 9348 11542 15305 
A225 6836 8385 11095 
B114 21938 23035 24671 
B124 20215 21891 24739 
BI25 17961 19590 22328 
B214 11133 11142 14921 
B224 9825 11713 14964 
B215 6974 8326 10306 
B225 7704 9285 12080 
C124 22169 24042 27253 
C214 6238 7788 10078 
C224 9556 11442 14085 
C213 5769 6799 8796 
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Table D.8. Effect of three income goals on farm planning 
solutions: rate of profit for farms in TENCO, 
expressed as dollars per hour of labor after a 
5 percent allowance for capital in 1984^ 
Income goal level 
Farm name Low Medium High 
A114 6 . 2 5  6.80 6 . 9 2  
A124 6 . 5 4  6 . 2 5  7 . 0 0  
A125 5 . 2 4  5 . 7 1  5 . 8 9  
A214 3 . 8 5  4. 9 8  5 . 7 1  
A224 5 . 3 2  5 . 9 4  6.65 
A225 2 . 5 8  3.80 4 . 9 3  
B114 2 . 4 8  2 . 7 6  3 . 0 8  
B124 6 . 3 9  6.88 6.83 
B125 6 . 7 4  7 . 3 4  7 . 2 8  
B214 1.10 1 . 0 6  1 . 8 4  
B224 4.05 4. 9 2  5 . 6 9  
B215 1.40 1 . 9 7  3 . 4 0  
B225 5 . 2 7  6 . 0 1  6. 6 0  
0124 4 . 6 8  5 . 6 8  6 . 2 1  
C214 1 . 7 8  2 . 3 6  3 . 4 9  
C224 2 . 2 5  2 . 8 4  3 . 5 2  
C215 2 . 0 9  2 . 5 4  3 . 8 0  
9-R = (P_.05I) - 1.20(L-C) 
where: * A 
R = Labor rate of profit 
P = Net profit 
L = Farm labor used (hours) 
C = Construction labor (hours) 
I = Net worth. 
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Table D.9. Effect of three income goals on farm planning 
solutions: Profit rate for farms, expressed 
as a percent of total investment after an 
allowance of ^1.50 per hour of labor for 1984 
Income goal level 
Farm name Low Medium High 
A114 9.5 11.0 11.0 
A124 10.6 1 2 . 0  14.0 
AI25 9 . 6  11.0 1 2 . 0  
A214 7.2 9 . 0  1 1 . 0  
A224 9 . 0  11.0 1 3 . 0  
A223 6 . 0  8 . 0  1 0 . 0  
B114 8 . 0  9 . 0  9 . 0  
B124 1 2 . 4  1 4 . 0  16.0 
BI25 16.1 1 9 . 0  2 2 . 0  
B214 3 . 9  4 . 0  6.0 
B224 8 . 3  10.0 1 3 . 0  
B215 4.7 6 . 0  9 . 0  
B225 10.6 13.0 1 6 . 0  
C124 14.4 17.0 2 0 . 0  
0214 6 . 3  1 0 . 0  i4.o 
C224 7.7 10.0 14.0 
C215 7.7 10.0 15.0 
= (P - 1.20*1.50 (L-C)) 1 I 
where : 
E„ = Net rate of profit on investment 
P = Net profit 
L = Farm labor used (hours) 
C = Construction labor (hours) 
I = Net worth (dollars). 
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APPENDIX E. SUPPLEMENTARY NOTES TO THE TEXT 
Note 1: An Argument for Federal Support of Regional 
Development 
Given positive social and economic benefits to the region, 
the state, and the county; which government level should con­
tribute funds to stimulate development, and how should contri­
butions be allocated among levels of government? On the basis 
of marginal tax revenue, an argument could be made that federal 
monies should meet a considerable proportion of development 
costs. 
Progressive taxation appropriates an increasing share of 
all pecuniary results of economic development. Therefore, 
economic development should be financed by government revenues 
from progressive taxes. This argument would hold for justify­
ing federal monies to raise incomes from 1964 levels to the 
1984 low level. Using the same logic the federal government 
should promote attainment of the highest income goal. 
Note 2: The Chairman of the Planning Board 
The chairman should have administrative and regional 
development experience. His salary should be competitive for 
equivalent responsibilities in private business. The function 
and responsibilities of the planning board are outlined in 
Chapter XI. 
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Note 3: Extensification of TENCO Agriculture 
The fact that 150 and 26O crop-acre farm units were large 
enough to meet even the high-income goals for 1984 suggests 
that there is no need to promote a land extensive type of 
agriculture. Extensification not only is a much slower process 
than intensification but puts undue pressure on land prices. 
Note 4: Land Transaction 
Land holdings must change hands under the plan. The legal 
transaction mechanism does not have to change. One crucial 
factor in the transfer of land to commercial farm use will be 
the amount of land eliminated from commercial agriculture in 
the form of small estate holdings or speculative investments. 
The tendency for corporations and individuals to gain control 
of several thousands of acres will also inhibit moderate 
acquisition plans of family farms. 
Note 5: Real Property Taxes 
The concept of an income goal for farm families masks the 
impact of real property taxes because they are predicted and 
included in the income goal. Being a small part of the Income 
goal, the tax level does not much matter in the sense of 
attaining a desired family living expenditure level. Further­
more, low real property taxes encourage the inflation of land 
prices. Therefore, low priority should be attached to any 
policy which would affect the level of real property taxation. 
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Note 6_; Credit Coordination 
Credit of all types must fit into planned financing to 
provide maximum use of farmers' borrowing power and maximum 
protection from over-extension for both farmer and lender. 
From this point of view an amalgamation of the Production 
Credit Association and Federal Land Bank would be desirable, 
at least at the local level. A single credit management could 
provide medium-term credit for operating capital that is com­
plementary to indivisible long-lived assets financed with long-
term mortgages. Economies of scale for farm enterprises and 
more efficient use of lenders' reserves would result. 
Note 7: Distribution of Credit Among Farmers 
The problem of distribution is often of non-economic 
origin and concerns traditional uncertainties on the part of 
lenders with respect to certain types of enterprises and 
individuals. It is well known that low-income farmers do not 
have access to credit for reasons other than equity. There 
were, in 1964, many low-income TENCO farmers (with sales less 
than $10,000) included in this plan because they were younger 
than 40 to years old. If they are to achieve their family 
living expenditure targets, credit must be available on the 
understanding that the plan demands only that borrowing which 
is financially feasible. Criteria other than economic feasi­
bility and honesty should not be allowed to interfere with 
obtaining credit. 
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Note 8: Loan/Assessment Ratios 
The 198^ plan uses assessment ratios rather typical of 
1964. However, loan/assessment ratios assumed in the plan are 
much higher, as described in the section on new facility 
acquisition in Appendix A. While such a trend already exists, 
it must be actively promoted as part of credit policy. Higher 
loan/assessment ratios and open-ended mortgages will promote 
the distribution of credit availability to all farmers in the 
region for all types of enterprises. 
Note TENCO Market Power 
Since TENCO is small in production of all agricultural 
products relative to Iowa and more so relative' to the nation, 
it possesses no market power of its own. There is no possi­
bility of successful unilateral monopoly development for dis­
posal of its agricultural products. This limits the extent to 
which the planning board can practically increase TENCO'S 
market share. 
Note 10 ; Agriservices 
The capital equipment required to provide agriservices to 
farmers will become more sophisticated in a labor and time 
saving way. Distribution terminals should diminish in number 
and increase in size continuing an established trend in monop­
olization of ownership. Petrochemical firms, large co-ops, 
and animal feed companies will share ownership of marketing 
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facilities for fertilizers, pesticides, fuels, feeds, and 
machinery. 
Note 11: Policy Recommendations Concerning Ancillary Services 
to Agriculture 
With the number of farmers declining steadily, it follows 
that under the democratic voting system they will have less 
and less say in planning of education development and other 
services. The proposed planning board for the agrisector can 
provide estimates of numbers of school age children and in­
formation about the location of school children to the region's 
education coordinators. 
Another ancillary service is county road construction. 
Many local access road patterns in 1964 contributed to the 
division of tillable tracts of land. Therefore, the following 
recommendations are suggested. 
1. The agriculture sector (through the agriculture com­
mittee) should make formal representation to education policy­
makers with regard to; 
(a) teaching facilities. 
(b) curriculum. 
(c) school bus transportation. 
(d) location of consolidated schools. 
2. The agricultural sector should be formally represented 
at the planning stages for highways and local access roads. 
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Note 12 ; Policy Eecommendations Concerning Rural Nonfarm 
Community Organization 
In view of the population decline in many rural nonfarm 
communities and the decline in economic activity due to reduced 
farm numbers and better transportation, the following points 
are suggested; 
1. A new form of municipal government should be created 
based on present urban centers redefined as a system of bor­
oughs. The new system would involve rural towns as boroughs 
having equal standing with 'urban* boroughs. This system of 
municipal government would increase the tax base of all com­
munities. Minimum standards of health, sanitation, and main­
tenance of municipal services could be achieved. The ability 
to negotiate credit for capital improvements and operating 
capital would be greatly improved. A higher level of munici­
pal planning and management would prevail due to economies of 
scale. 
2. Inhabitants of small communities with population de­
clines of more than a prespecified rate and with populations 
less than a prespecified size should be encouraged to migrate 
to communities where adequate municipal services are feasible. 
The minimum feasible population and critical rates of decline 
in population would be determined by factors such as the age 
of the population, proximity of neighboring communities, con­
dition of municipal services, income levels of the inhabitants, 
.local security, and natural factors. 
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3. A program should be promoted to eliminate unsightly 
rural community relics such as abandoned buildings, roads, and 
any other obvious signs of previous existence. Ghost towns 
are demoralizing to a developing region and provide a base for 
vagrant families and individuals. Exceptions should be made 
for sites with historical value, in which case a program of 
preservation and recreation should be developed. 
4. Establishment of employment information and counsel­
ling aimed at farm and rural nonfarm youth and adults should 
be promoted. Information about local manpower supplies should 
also be monitored so that inventories of skills and skill 
deficiencies may be assessed. 
5. Intellectual, vocational, and technical upgrading 
should be provided in the form of short courses accessible by 
all people in rural communities. 
6. Adjustment of community social organizations to 
changing community structure should be facilitated by providing 
information about projected population changes and other 
demographic changes. For example, the problems of rural 
churches are ever-increasing due to dwindling congregations. 
The proposed planning board is in a good position to advise 
religious leaders about amalgamation, population predictions, 
and similar information. 
7. Research should be conducted to discover appropriate 
methods of reforming local government structure for more effec­
tive municipal organization of rural towns. 
